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6St*±****t*Ji3WK»*6ti, ttEJ*l*Ji©JlHfcttf 
SfJfS=i-r;Hl±«*fei»)llcJ;oTffit>ri< iiiFE*6&Ji± 

s\ y H. 

[«3fcJg2] WEI6«WB©±iBtWE»«»o±ffiJ4 20 

ffi75«j£^2>^T^fi£$nTVi-5W*3Sl £fc«2 ICE 
«©gfiSS^Eg^-.y Ho 
[IH3J&B4] WEffi^S^MMSSSffltt. «**B&-5<^ 

'Vy Ho 

mourns] mm^mmm<omam.M^st^ i&es 30 

rn*»K:E««)Sit««IE»^y Ho 

TOKrE 3 - £ B <DS9E*f ft® <h¥fffc*l$U&> £>W ffi 
Sttt, |&E±««Ji©ttrE»ft®£¥fTfr:£fta»S©»r 
ffi«=k 0 t>*#^M#JS l 5 ©^vfna^E*© 

a»a»E»^y h. 

(a) «ttw»T»«ia«Ji*»rifr«iat. (b) 40 

WEi«iMi±Tft?T, ES«#<t<D2*ft®J;f3t> 

mimic. ifrE»t&aaJB±^ie*TiiLiB*^bT3-f 

)\sm&Ml&L1z'&* StrEn-f;U»±^if6^:»TJl*-5I 
St, (c) t(rKtettJl0&iB£|!pJB. lt.EfftftJB±BB 
t«rESE«tlB±H*ffl— ffit-T (d) StJE*& 

»n±iBR^»ttJi±ia»c. sfrfflffl^g«iE*f ftffict 0 1 
B-zmMfcv>*v*i : i&m$:Bi$.-?z>jLm.£. (e> 

ME* -t C JK14«^T 3 - O m & * y *Bf& 50 
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t, (f) !&E««»±Rtf3-£n±K*y=rFi*Ji 
«. MEl^X h^tCl9E*fftffiT-»«6»)l±^f,ftrE 
<h. (g) WEtfe#/^->fttc®tBbfcWE/^^T 

%ii±fcatt»»-c±asii*^y+»B!tbfc», me 

*&T©ieT»j«-r *W#JH 7 E4K<Z>£tt&£(Eflt^ 

(h) «rE«S»)iJiiiift^*l*«±iB»cyy*T«!!)i* 

tSIgt. ( i ) M^ffi^fifJEttft® <fc D fc/vf H^ 
fa»:#lCffi«Lfi^ttE.*l*JI±K*TIKJC*3-*« 

Si. (j) U-^X HBlcatotXTV^V^ y^Ttfe® 

t«*JB9] t&E (d) XStCti^T, *y*Ti*S 
S£tT©IS"C»J«"r*l»*« 7 EttOfiitfiB&Eflt'v 

(k) ttimmmm±.mRzfmiiim ±mizuzsx hm&m 

f«U S&KHMEU'S';* HBtcii1j^®jWE:fcfft®J:0 
*>/W H*|n|^lc<4llUE.oWEJ*^B±«cS-C®CX 
-5 3-i')l^©fe^A^->^BffEUv ; X MICM 

t^igt. ( i ) mm^/t^->^z^-y^Tmm 

tl#aio] tfrE (f) xSiciJt^T. 
ME;ttft®T© H^y ^4I:£ftcDft*I^jfo^\ Tffi#><=> 

i$.Tz>m$im 7 v 9 ©^rna>i::E*<BSitt««E 

[fflt#jsi i] we (g) xst. a&c«rE*«a 
■©TJswi-fcijBritsn&iaE* y *T*»*i»sr*ai 

HOKit^ffi. 
[0 0 0 1] 

y-f X^«ti:OE»IIE«tfc»LTSifi[«#S:-^^.TEe 

m±A^3-^m±\z^»xmwz^y^mf^T^. l 

^ WE 3 - ^ «^ £ EEaSB^ wa^coilil^ ^ ft 

±£-t**££an«rt&fcsasa«E»^y kr^obi 

[0 0 0 2] 

I^S?Wjiffi] '7 s -i'X5'«ct*OEefflMHca«T r -^& 
»«ffiTE«-r*SOtUTSiB«ftE»*SC*<**. 
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0 2 7ttMKSia«»K**a<oS£BKttflian*stf[ 

[0 0 0 3] 127 iC^t" <k -5 IC. ^Ba^fH^^it© 

so. 0s^«x5'f yi ©fflnas® i aic&^r, mam 

3 ^©ffllcEKSftS. 

[0004] «rc®iftaaEe'\y KHia, aetttm 

TBl$.2ntzffiWMMm4t. nHeiffi&)MMm4<D±\z 10 
wn s ffl «■ T&fc ts ntz C < »«tt*f »t»J« S tlfc 
£IKSI5 <h£*TbT:fc9. fiUEIfSli!H&ffiH 4 ©Sgffi 4 
a ittrE£K«li 5©J8ffi5 a ESJ£#M<>:0# 
InjSHatSnTVi*. BtHS^flpJHHaJcDfeftffliJlCiD 
lr»T. ME1*B)««Ji4<fcttrE±««JB5tt, O&Slffc 

[0 0 0 5] fiulHffiKjfiSS® 4 iiBtlE^afiBB 5 t©W 

icttA 1 2 o 3 . s i Otfcii<Dmwt#miz£2>&m&& 
mm 7 Amrni^x is d . fttrEttftEH a th. c:©#a 

tt*feigtll 7 ©igffi 7 a HuEffiliffi&SH 4 ©$$® 4 a 20 
[0 0 0 6] tbT, t&E#lMKttlfe»i7|*Jfctt. Cu 

[0 0 0 7] 027 fC^Ti -5 Id, 5 ©igffi 5 

a©J9*hwte. ffliSaffiH 4 ©Sgffi 4 a ©J¥<£- h r «fc 
0 t>/h$<fcoTH*. $fcg!2 8©Spffi0i::SrrJ:'5 

^®5 a©tIvt-ft(ih7u/7*ITwT-&9. d©tI-+S; 

«. sfnEffliifiSffis 4 © h v y ? m^comm 4 a ©is 30 

[0 0 0 8] WESiE«£ME»^v KHtC«fc 0 tt&Eft 

TZ^fn]^ib-r-5 ! b©T*0, -5-©*ffllCA— h'KM 
aW*l:V7 hflgMb7j*i9:tt£*rO>.5. 
[0 0 0 9] KrE3^JHi8K:il*Sn*Ctk:J;?)*l 

*$K)i&ffiJi 4 ©SSffl 4 a <h, iJlffiW 5 ©JS® 5 a £ © 
WT©if ftgSfiHK^a*. E@J£#:M©A- KIM a £S 
itlliliSb, 77 hJgMb£iI£. C^T. #JE©«fc 5 40 

iz^mmm 5 ©as® 5 a ©®*g#, tisafisaii 4 ©ssb 

4 a TWHISJ: 0 fe+iHC/h;* < SoTi^fc*, £® 
ffiH5©S8E5 aWftftSRfrTSBjficM^^U iS®5 
a*«*t(Rir-5a55J-T©StrE/N-HKMa(C*fL. iWEfiB 

[0 0 10] ii5T12 8©¥ffi^fC^t"<J:-5fC, itf 
E3E««JB5tt. HtrE*flS]®Ha;^<E>/vf 

vffflifa (0^X^(6]) ©ffi-'fffijWtli&MicJET&t-Sa 50 
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[ooi i] WE«fr*««5 co«*-+ftL ltt-r** 

[0 0 12] bjJ»UKTEfiS^ffiL 1 Sffl<Ut#* 

t, mourns c©»/h&/i*— y^ismzmiSLt^z. 
ii\tmmx\ Mtmrnw 5 a © h 7 7^htw«« 

(C. A< h^|6] (0*Y7j|fi]) tC|B]^'5JCUfc*^T h 
5y^tB*|fiil (H*X*iei) ©«-+jfejWE*«-3TJBfiR£ 
ntLt^ h^-y^tlTwR^BflEW^mttS c©^ 

[0 0 13] HCfc^fcJBtt&flioraaW:, lME3E&« 
ttm-1MlZ£.Z>tZ\*>&±g<. C©fe*3-7a55b 

[0014] 12 9H 027 ic^-r^5t5©sa:ma.E 
H*afeALfc<a»fffiHr*t), in 2 9 iz^-r «k 5 

SfFE3-^H 1 0 CDmrSS® lOatt, flE*f|S3®H 

-5, ffci2 9(c^-ri-5tcitrE^ffiHa-e©^«att 
*fei^H7±^e»«rE3-^ei o±tc*»»tT±esii5 
«sni^5. 02 9 \zm-rmm.mmMm^-y h© 

¥®0H0'J;U£0 3 0©«t-5!^ip®^t»tT$.0. 03 0 
\Z7tkT£?lZ. SdE3-^Jil 0te/W h#ft (0S^Y 
75(6]) IZfafr^lzLlt&^Tbyyirm-Xft (0S5X^ 
ISO) ©«-tffi*<*r^MKlj|£*«*»ttT*0. ffrEifflSffi 
15(1 ffjSSS 5 a#h7«;^*TwT»)SSntfii 
JEJttOlW*** 5 c <h C ©ml*«^ 5 c ©S5S^ £ h 5 
y ^*B^|S]^©|lT|-ft**j£*«***<W«5 d £X«fi£$ 

[0 0 15] 02 9. 3 0©<fc5tC, SffE3 — ?m 1 0 
JLiCif^aS 5 $S^a-&t)iir-5«jtT$)^)£. l9E3£fiS 
ffil5 0^I«5cO/Wh*l^l (0*Y*(o]) ^© 
S$1-ffiL2 5t*<tO«<Mlt ; b. flffE3-7)i 

1 0*T**lfi»3»lRliBHafflK:«-&TJgfiRr*Il«t 
xr. «rE«r2r«* 5 c «tttSU&fD tcifr-S c <ttt < . S& 

[0 0 16] £©J;5IC03 0t3ST«itT**4:WE 
5 ©tfr^ffiist 5 c ^/N-f h ^fil'VR < ^fiKT"€ 

[0 0 17] 



(4) 

5 

i o atf#m&ffe&m7 oimfrtbmmztt&w^T 

fc. 0 3 1 RtfEl 3 2 telftEiBSH/f 5 £fl2firf Sf&CD 
®! jg^ffi £ 18 0 T & * . 

[0018] 11 3 1 tCTprf J: 5 iC. BtFlB^att^® 7 
±IC3-^«1 O^^L, $^lCBfrK#SS1t^«7 10 
_h^e>iitrfE3-?J! 1 0± T*-.y+TtfeH 1 1* 
TE^TS. CCD* -y^TtfeJf 1 l«*IiTilSI5 

^Ttlklil litCl^^XhSl 2Sr^-r-5o 
[0 0 19] HI 3 1 iC^-Ti^fl. #JE3 — ?m 1 0 CO 

tfrsffii o amm&tm.m7 ±.fr*>mmziL-%$>tf-o 

Tm$nTV^fci*tcSfrfafEfSEl 0 a£#M&14#6li 

m 7 m tc a* # a u % . 

[0 0 2 0] CCDfci*t(rE#ai±ife^:Ji7±^6 3-i7 
Hi 0±lC^ttT^*$n^)l/> J X hB 1 2fCWu SfFHE 20 
3-?B 1 OJit'MiStlfcl/v'X bB 1 2©1IH2 
tSlJie^14*6^S 7_htC^*$nfeU-> ; X hH 1 2 05 

[0 0 2 1] E 3 2 IC^-TlgT?«, ME 
SI 2ICifiSSB5^<?5fc*CDfe#A^-> 1 2 a£ 
iTtStTIStS^, 3-i7g 1 0±©L- 

vX hB 1 2 lc*tU WIESHAOgP^Ttfrfau-vX h 
■ 1 2©W»#A«fc:»<&afc«e>. ^©©HACOSB^- 

asnf. «iE&;eA©»#£«3fc«<fcsn&t»u-;>x 30 
Hi 2 btimo-vt^* 

[0 0 2 2] *rlsX'A\zmcik%n?-> 1 2 a ft Kg 
tHLfc;*';/*TifeB 1 l±A>6iBil5$^;WS 
^ti^iltfe. tfrEtfc*^* — >i 2 aftlci^x 
hI12b^oT»2>i, ^CDgP^Ttt^ -y+TtfiB 
1 1 tffflEU^ M l 2 b l:W3fttv»5©T / 7* 
fiSfi^jl^lc&^ttT. WKl/i/X Ml 2 b±lcteffi 

»A$ti^>rv^. 40 

[0 0 2 3] ifc3-?il 0 £|&8tef6*JB 7 
^fct&«A^S)0. 1/yXHl 2 0K)li:*ta^ 
ffJEtfe^/^-> 1 2 a©/t*->«f«tt{£T 

-es&n. 

[0 0 2 4] SfcfitrES-^Bl OOlffiSBffil 0 a*«# 
!B14it6iS:)@7±^e>Siatri:-&a&5&tO, iftEaEBB&B 5 
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f&znx^zt, usa-i'i 1 ocdmss® ioa*e, 
«jK*«am^»-r<j&:»3. -r^^^^Em^sfrEa-^ 

[0 0 2 5] -tCT*«Wtt±Bfi£3l5©»HS«|ft-r* 
E3-^ll±t-*ntT®^3JC^-y^fi£-rSC:«i:^T 

m m.^ m * »«-r & c t £ § w t u t v . 

[0 0 2 6] 

tx. itEiBaiii:«t>T6iit8*i:J:oT. ItrEE 
UT, l&EfcflSlHJ: 0 t>/VT h*|6)»#Ttttf[E*ii&« 

±fcttfclWifcJ;oT»fon. tfrE*ft»Jl±»::W:. WE** 

*4i>tt»ttfi3nfca-i'i*»«ffisn. flfrEa- 
i' iB©asB»tta(rE»«!» t«aM»wj*«t* nx*$ 0 . 

ffE*f[6j®T©*6i^B±A^fi9E3-i7B-htC75HtTi 
111 7&*flj*j£ £ nt </> 2. £ <h £ ft®, t T <D T £> -5 . 
[0 0 2 7] *5Efflt'tt, B(fE3-^B«5MSS®t«. 

[0 0 2 8] C©J:"5tC*5EMTttfie*ta3a:0. !&E 
< . ltrEI9Sa®^«&*^j:«i*®**i'»tt»ttBT?yN 
BCD|fF73(CfiBT-5*fei^B±5J^3-^B±{^WT3E 

fiE&©<fc ^ tcWEife#/t^->rt tc Uv'X hi@ 0 
i±T« KrEtfe#^3'->rt-ffitC±aaJiS:»J«"r*fc 

- >l*3 IC BtrE^mHB *BrS»ttT 5S^3 \Z * y 

[0 0 2 9] 3SJfc*569iT?te, ±.tl<D£?\Z, ItE^ 

»±*^WE3-^«©WSfflffia^« »d«ii^*< ^ 

fflSn*WE*6»)iJt^6 3-^Jl±tc*ntT©Ui?X 



[0 0 3 0] *fc*fEWCtt. ME3-^H »Mffi® 
**. A-f h*|SHcj5^tT»^rlcBlff*»»<&-5J:'5JC«t 
£&a*fcffi»H**Wii*ttffitfc'3T^*.fc. ME3 
^msntcxA-xtc^n. m 

EM*a^s©»#©»tt*t£*±0 r 
ttt>% #%bjit«me 3—i?mfr<z> £»aa^©ffl«© 

»ii3MS&fiI±S ME^ESBaUKfiS* 10 

[0031] £fc*f£0J-m. ME*«tJf ©±StME 
[0 0 3 2] MEttraffltcSmxn* 

ME3EJ&ailK>M$iSffite. Tffi^b±®!C[p]tfT b^-y 
$?£L<, MEMSffiOMWaiSte. M«- 20 

[0033] Sjfc^sMima, ME£&;aji<z>tt?ntt* 

l #3£mn?tttfrE±»aa £3—i7fB£ £S'J* 
i;Mt5ut^Tt5. d©fc*KrE3EfiSSJll-3 — 

[0 0 3 4] ^fc^JSUimi. I9E3 — f«tdE«a)i 30 

jj&ifrz&mnmz, MEaEi&ajioMEjfctftstw 

£«£9ME3-£Sa>S3cffiaB^©ffi:*©ffiia$$5£ 
gj±3-b-* ci tanner**. 

[0 0 3 5] Sifc#Rl|lik::fett*SiSa£lE»^V h'O 

(a) »tt»ST«H«l«a«S:»J«r*lSt. (b) 
IME*l8&««Ji±Tfc-3T, E*«t#tO»l«ilffiJ:0t> 40 

Mnmic. #rEa»aa»±KiftiiTttsJiS:^ixT=i-f 

JUBSJBjSUfcft. 8tIE3'f-»HB±€rie»JBT««>*X 
St. (O t4E*filWB<DSffi£HiJ»). lWEie»JB±W 
t«rE*«EJB±B*ra-ffii"r*iet, (d) ME«fe 
*JB±aRtf»«EH±ffiK:. MffiS^MEttfaffii 0 fc 
A-f h*w«*Jcfi«Lja-pi(rEtti*B±ic*Tia6^«. 

3-^JH»ttO>y=1rT«6)H*»fi!Er*lSt. (e) 

u. cot#HtFE3-^B»wss®*Tsa^±ffiica^ 50 



#12 002-197611 
8 

t. (f) «fEI6»JB±R^3-i'li±l*/y*T«!)i 

mei^x Miici(rE»isiffiT©i6»)i±a^i(fE 

t. (g) ME&#A*->rt{cBfflL>fcME*y*T 

flfcBJbicattw^-ciaiaiift^y+jeBRUfca, we 

[0 0 3 6] ^fPJT'te. ME (d) IST3-fIf 

(e) IgTtt. t(fE^y*Tfl6a±JC3-^»&>y 
*j*ftS*TH*. ME (d) ISTI4, fllE^7+T 

H * y *Ti&m±fr *>*v ^^fiT -5 3 - 9 B CDM3S® 
tt^*£«tffc**SJ«fibTV»#, ME3-y-Jf CDM3S 
E^Tffla^JiBtcaH+T/N-l' h^ifiiUctfKatt®** 

[0037] -tUT#«H-cttl&E3-*»©«rS8ffia< 

E (f) lit, ME3-^7)lcoit(^cOiiifeigiS±a->5»3 

[0038] cofc*KrEu^ ha«c^«aa©4fe* 
1*3 co u x h h £T®a> e. -hffico^^i^ wt 1:1 

[0 0 3 9] iotttEftt/^-X^ICli. jISJiCaE 

aaa»j«ofc«>©^y^pT*aa«»tbUT*J0, Lfc 

#oTME (g) XST'ME^-v^TtfeB±lC3£eaS 
-5. 

[0 0 4 0] $ft*»WTtt. ME (d) ISC45I^ 

(h) WEI6»»±ffi&tf*tt»±ffifc^y^rTtt!»Sr 
JEMSU ££»~ME;*y*T*Jf±tCUvX hJi£JE*f£ 
TSIgt. ( i ) MSSS^MEttftSJ: 0 fcA-f hyj 

[6ja*tc-(4B u j.o«rE»i«a±K *T?ai * 3 - ^ @ 

St. (j) Uf/X Mllca^nTV^iV^ -y+Ti4)l 
£RSSL;fc». iftEkyXH^i*nig s 
[0 0 4 1] ME (d) iatd*5 

(k) KrEie»Ji±ffi&tf»i*a±SfcU5?xhH&» 

j£U SS.tcWEUv'X hB(cM5flg®a^ME*f|S]B=tf3 
fcA-f K7j|S]»77lC'E®bJaoME^)l±«cSTi2^ 
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-raigt. ( i ) ifomk%ni?->mz*y*-Ttm 

fi. 

[0 0 4 2] ±K©*y*Ti*H©JBJ*#ftlC«fcfttf. 
lea— ^JI*yy*iat«s**t. ttrE3-*»©HH 

®£T®^<=>±®lC£H-tTA-f h^(6]{C|iS<<«?4MS>-g) 10 
[0 0 4 3] *fc*5E^Ttt, StrE (f) IgtCtSV* 

tic**, T®a»&±®£#ttTJE#Sft€r/'t*-->«:St[E 
[0 0 4 4] cn&J:9mE£flMft0ttJI9«Tli!0> 

£. 

[0 0 4 5] £7t#fPJT"W:. HUE (g) lit. $6 
CWE£««JB©T&*»C®fiJiSftfcttE* -^TtfeB 20 

[0 0 4 6] 

mm<omm<ommi m 1 tt#fEsi!©fs i 9mj&&<om 

[0 0 4 7] 01 i:^tliU8SiSiA7 KHttEftflE 
tfMlcSitfiBI?^-^, ie«ftM©A-FlMa*S 
H^ft iCffi&ffc £ it & fc O T & -5 . 

[0 0 4 8] WEE»J«#Mt4'?-f^i'*T*0. ^© 

[0 0 4 9] WEitBftiElkAy HH©X7-f^3 0 
HA 1 2 0 3 • T i Cfr£©-fe5 5yi'#»TH*J5K3tlT 
*3 9, X7-f^3 0©*H6j®3 0 a^EE^JSE^MtC 

^3 0«I*M©SI*?,S±L, 
7-f^3 O^E^jK^MCjSftfS. 11!:*5V^7 
•f ^3 0C»-r*E»ti#:MO»»*|$IttBI*Z*|Rnf 
**. IftESitaSt^y KH»i^7-f^3 0©ht'-«J 40 

[0 0 5 0] ME^-f^S OOffiiJ5flgffi3 0 bCB. A 

[0 0 5 1] WEI*Bltl»HRtt, T*^TSPv—;UH 
152, *t77"15 5. ia»^1^5 3, 
tf±S5->-JI> FH 5 1 ItrEfiSMffitft^*^ 
5 3«. S:#t£ttaUfi£t£t£ (AMR) 
«ta34* (GMR) h >*)\>mBt%&m$i$k (T 50 
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MR) 5gffti:Ta&2>, 
[0 0 5 2] U9E±»v-;l' HB 5 1 ©±tCte. A 1 2 

castas i o 2 tz¥<Dmmtimiz£z>i\F&&ii&m® 3 

1 «SnT, BffE#iatt«6i^W 3 1 ©±IC#5S0i© 
E»fflOStf[«aiE»^y KH*<»tt5nT^*. L 

sK$nfcffi»)ii 3i;io«i$nTH5. -?-UT(trE 

Sita&lEfc'Vs/ HH©EfiW^<fc©*#6l®H 1 ate. 
KrEX7-r^3 0©*f|r>]ffi3 0 atgg^-It**. 

[0 0 5 3] WESiaa«E»^y FHT1J, /t-?D 
-f (Ni-Fe) &i'©5SittttW^ 

agi2 i«3nti)5. fc*stfrE±»->-JH*ii 

5 1 *i|tFE^ffiJlK«BB 2 1 t l-T mm ^tlX^X^ J: 
\>\ ttE^BttttftM 3 1 te, MCilllBiM 2 1 ©T 

CfitKlS£«II2 1^7<y3 0©ffi>J$gffi3 0 b £<D 
M) «J:VKrEMBba«lB 2 1 OfllCMSnTH 
*. ^LTEl 1 (I^-r^oi-. *tB)«B«Ji 2 1 

<±B) 2 1 a<hl!frE#lK1£*&ig:Ji3 1 (Jbffi) 
3 1 a tttra— ©5p®Jt{Cte«LT^-5o 

[0 0 5 4] 01 Id^-r =fc 5 IC, itffEttftSH 1 a «fc 0 

t>/w ^fa** (Hwy^irj) Ttt, fifrEfflftssiaii 

2 1 2 1 a JbKN i — F e fcfCDifeffill 2 5 ifiM 

[0 0 5 5] ftfTES^@2 5©HHK*St»T. BuEttlt! 
E&HJf 2 1 ©SEffi 2 1 a £ £tfflftE#tt1£il£tMi 3 1 © 
^®3 1 a±tc, A 1 2 0 3 ^t*O«6»Tifee2 6 OfiMiSL 

SftT. c©^Ti*JB2 eoiitccu&^fcWttta- 
mi.fcD^Ji'i^ 7jWE*j«3nTv»*. non-nm 

2 7 u-a* '^ffiat'tMsnfefefflTio, 

«i:/^->M$nxns t □i')H2 7©tt4'.L> 
flla&ttiti 2 7a ifctiH U < C u &£*©#m*fe*mT 

[0 0 5 6] |i)Ea'f)H2 7 4Jj:^JK±tfJI7 7 te. 

430, £ 5 icsftiui 3 3xmt>tix\,*z>. 
[0057] mm&m3 3\tmmmmu^mm^n 

SCtStffSK. fl9E*t8iMM»»WtbTtt. Al 
O, A 1 2 0 3 . S i 0 2 . Ta 2 0 5 , T i O, A 1 N, 
AlSiN, TiN, S i N, Si 3 N 4 . N i O, W 
O. WO a , BN, CrN, Si ONffl7^'>)i< tfe 

[0058] -t Lxtam&mm 2 5 ©s® (±®) 2 5 

a. JK±tf)B7 7©^® (±®) 7 7 a, te^lfimmtm 

3 3ffl«I (±®) 3 3 ate. m—W£t£2>£.5lZl}QT. 

[0059] d cd^ 1 mmwmx\t, utttzmmm 33© 

JhfC. 3-?13 5*«$ntl^. El 1 dTKTck? 
lCfflE3-^B3 5 0|fTSS®3 5 att, iftEWNSH 1 
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■5. *fclffK3-*Ji3 5©SSSW3 5 ctt. flttE&lft 
M2 5CD±m\ZBl$.zn, I9IB£$S8B3 5 c t&l&Jf 2 
5 fc#tt&WK»ttSnfc*M6CftoTV>4. SffE3- 
ir|3 5 <DT©*6IMI 3 3te¥SfL®Tflg/££nT^£ 

or, WE3-^JB3 5 &^^->««A<»«-r*c 

[0 0 6 0] tfc*^?IT(iiE3-?i3 5CDM«B 
3 5 att. TK^S-hSK^ttT (SSZ^fSj) . A-f 

[0 0 6 1] 1 lC^T«t'5C, tdEJ£±tfB7 7 

OS® 7 7 al:BU-KI3 6#MSn. U — FH 3 
6jJ>SlfflEJ&JttfJi7 7:fc«fctf:3-f JNf 2 7fcE«*8S 
oftWffii&oTV^. KrEU— HH3 6 

»4, WE3-^e3 5 tmuttw-wEwrr*. wes- 

[0 0 6 2] £fclH 1 iC^-TiplC WES-i'S 3 5 
«t 0 fcfifJE*Haj35H 1 a ftjlcffifif Z>%$Mm 3 3 ±fr 6 

N i F e^O®ttM*4'C^fiR$tlfc3£fiSfiil2 4A« 

snxu«. $e.«etti4o*5, nfrE3Efi£ae 2 4 

±lCfi*a&nTJg(KSnTU-S. ^LTWEHEfi&aif 2 
4 4 0 CDltUSffiB 2 4 a , 4 0 a teftfdBfJE 
*f[6]IH 1 a^<~>gmTt^-5o 

[0063] fc*sia i iz^-rmmmWi-cit^ WE^ssa 

12 43^^3 — ^)13 5tt, WE*fI&l®H 1 a^&A-f 
EifiSSIl 2 4 <fc 3 - ^ Jf 3 5 <h tf*— 8P-C»& 0 . 

bfciibT, 8«FE^ffiiffi»2 4&mm&m4 0 

C"ICBfrBS3-^B3 5©^JS®3 5 b tW— teB£T?J£ 

[o o 6 4] &i50 1 > 2 ic^-r«t-5ictfrE*esit@4 

0_hRtf3-^Jf 3 5±*««(Efi[»Il 3i:<t^>TSt) 

[0 0 6 5] U&m 1 RtfE 2 CO <fc 5 (CHEi&ail 2 4 CO 
±tc#ffl4Jf 4 O^te^tlXt^t. ME^SBaJI 2 
4C0T^(C^$rifc^-y^TJft«7 l*|itet4I 
gB#IC, lffrfE±&aJ12 4 0iS2^££M^£i£"£><I<t 

TifeH 7 1 *Bfi*Ufcl«tCiitrE±««)B 2 4 O h 7 7 i' 
mJjft (EI^X^IpJ) C0MIiJSS®IC^E^-y^T^H7 

Eifi8ffiS2 4©iS£^j*£«'>£-& ; 5>;i£&< . WE 
ft2»K*l»*T**. Sfc«rE*a«JB2 4©W««H 
S-giJ2)^t^«toTttEjEfiSae2 4©h77^t§Tw 
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y K*»itT***«. ^C0t*TfeWE3EfiSffiS2 4C0 
jSS-+ftfc«d>a-a-4c:£fc<. WEiffi5ffiB2 4CD» 
h77 H i*M#g-Xf feS. 

[0 0 6 6] frfcWE^fiBttll 4 0 tt#tttt&«tm-C 

ti. NiP. NiCu, NiMn, NiW, N i B, P 
d, Rh, Ru, Au, C u £i!tR-X?#-5. CICOtfTt) 
N i PSS»t4Cti«ff*l/K ME#lKtt@4 Ott 

[0 0 6 7] ifc#«te»4 OttN i P^&T»-3Ttc 
*P©«*tt8K*9SUU:-Cl 5Ii%ttTX*5ii 

X t,^UX#ittX-S5 C tOTX**. N 
i P-^&^COlN&ttJf 4 0 CO-&&S&fi£coSl5£te, S EM 

[0 0 6 8] &*5±E#M88tt&JB#^S:3ftT-5g* 

^y^»fiR$n*3E«Sli2 4±JcKrE*BBitt]i4 
0&itlX^7*MX^. SmiSCDffiB§<t;&0^ 

[0 0 6 9] 03 tt*%^JC*5ttSgi]CD*Jg^*^-r 

[0 0 7 0] i3^ffi»@l^D, ifrE^a 
30 i!2 4 0±HtC#N£ttll4 O^fitaetlTRttSnT 

[0 0 7 1 ] ^^EHRUC0 2{C*tt^i«aB2 4S 
^*atti4 OCO*r3ffiH2 4 a, 4 0 a ©JKtKdt^T 

40 [0 0 7 2] El 4, 5 IC^Ti^i^ iftBSte&JI 3 3 £ 

4cdS5£^?*H 1 ttfc*BrS«^»3tsnT^a. 
[0 0 7 3] BI4, BlCjS'TJi'SK, Kre£ffiaH2 4 
^mliffiB 2 4a tDMfi'JSBB 2 4 d , 24dll T®fr b 

jiBicfpj*^ (la^z^rp]) tcufc^oT K^y^in* 
nxt^o m4<D£o\zmmm$&ffi 2 4 d, 2 4d« 

50 »*VittH5^"r«t-5«:}s8ttffiT»fiJc$nT 
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[0 0 7 4] £ £1:10 4, 5 ic^-f cfcotc, itrlEiBS 
§2 4±£»J«Snfc#ftKtt«4 0<&lffii»ffi4 OafcT 

b*> b ±sicin]^ ^ ic xh7 ? # mii&wm-t 

fc*r«t'5fc*rlEWS»®4 0 a0H«Sl4 0 d, 4 0 
d \t. fflE3EBSffiB 2 4 (DTOflJSBB 2 4 d , 4 0 d tM 

m^t^n. <toTH4-ettSfr8H3-^»4 ocoktssb 

4 0 aOM«JH4 0 dtt«»B£&oTi59, SfcB 
5TttliMEffrSBffi4 0 a^Mffl"J5gffl4 0 dliSftlift 

[0075] u&m 4 , 5 ic^fct o izmi^mmm 2 

4C7)_tB (hU— U>^«OSHll) 2 4 gOh^y^lB 
[0 0 7 6] fcC*50 3CDJ:'5ldff|5^fiSag2 4c^±(c 

2 4(DS55ffi®2 4 ateTB*>e>±BfcjWtTh^y ^« 

0, £©££l!frfBlffi«8B2 4 a0S«I 2 4 d, 2 4 

[0 0 7 7] C(7)J:5lCBfIfHi®®B2 4(D*fr$SB2 4 
a (OMflOflBB 2 4 d , 2 4 d«I*^^MMt 
Stl, HufHtu$S®2 4 a©»tt*»ffi#»ttt»St, 

J:5(:X + a^^i;fctlTfe, (i i i) XT^T 
StrffiiffiB 2 4 d **Ee h77?fiTwl^6 
tc^:#<^tB-rc:<h^j:^o ±oTttfEW«SHB2 4 
dl:«t«7U >^>^*WifcT#*<fc'5K:fc'K 

[0 0 7 8] — 0 3 3HB2 7*§W0 2 9 tC^ 
5 0 3 3 CQJc -5 

mrf2^a®« 5 <Dt®m 5 a**IE*«S;fcttfi#«T»* 
ififcffiJl 5 <BSBE 5 a fESHt#0»»Sgj»^|pI 

YvvZ ttUECDttTftffl^T b * -5 o 

[0 0 7 9] ^^T^^BJ^^^tCmrfS^SS®® 2 4(7D 
Hu#gB2 4 att»Sffi-&JKttT&*il«!:*^^o 

[0 0 8 0] *^8ttSE3Eaa»2 4M3-^7l3 5$: 
K±^6Sfc¥B»tt«cr)lriTfilT*c«W-r*. 
TlCl»HJ-f £¥B0te0 1 ^^103 ic^TSififiB^fE 

Kco^-rnfc:t)iBfflT#*t)COT*^o 

[0 0 8 1 ] 0 6 0)¥®0lC^Tcke>(;:* fftfH3 — 

3 5 tt, ttftBH 1 affliJT»^W^««3 5dth77 
i7ffi^[RlcDi|S^SWy^*ffl<7tJ:D, i*i«3 5eth 

5 y £ *J-ft**»* K** < tt* 3 FB»ttT , a 

fit, |ftBE«r*««3 5 d±tCi«S)i2 4*«« 

^bnt^o ?a*5S(riEW*«« 3 s dco h^^tl* 

[6] (E1*X*[pJ) tCiStt^ffi^ffiWy te, h5^^HT 
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w± o fcj£^«^-«feT«Scan«>o 

[0 0 8 2] 06 tC^lTJ; 5 (CmlfEiaa^ 2 4 ttifflffi 
B2 4a<£>±B (hU-U >ifm<Dlt$tm) Wh^yi/HS 

[oo8 3] st*5*«^Ttt, iWSE*fftBH i a\zmm 
-Tzmmmmm 2 4 ottass 24a at, ftfiEffiama 

12 l<DSu)fflB2 1 b<z>ffi»«kDfc;*S^£<fc#ifcB 
10 T> «AtfH6fc5S"Tct'5^, l»8il2 l(Dh77 

»fc**^«^ST»«an*c:t*w*u^ 0 

[0 0 8 4] i7T11 mjfH3-^(13 5 *«iMElW**l 
«3 5dStt§^t^<, /vfh:frlR] (H^Y^fRl) 

^LTmIfH3-^e3 5 ±C$ffiI2 4*<»ta5 

[0 0 8 5] 07 (C^Ti: 5 [cSfrfB3£aaii 2 4 ttifflW 
®2 4aCD_k® (hU— ^)>ifm<0(OmW Hflb^yi? 
20 BTwT)B*JSft, ^©ffi^ffi£«oT&*V>te^'*>ffi 

[0 0 8 6] H8Ttt» fitrfE3-^B3 5 C0»ttttH 7 
tBUTW^ WEi8SI2 40»*i««2 4e^ 

-^Jf 3 5 3^S6^»IfilBfllH 1 afc*^T«MRSn. 
dtrfE^ttSJI 2 4 OH«M^tt««Mt 2 4 f <D-»t> 
WIH3-i7«3 5 chSftO'&^TUTfcJi^o CtlCJ: 
30 9mFfE3-^)I3 5*^WfE*fflSa)B2 4^<Dmi£<£># 

[0 0 8 7] SfcS«rfS3-57g3 S\zm6\Z7Fi-?&oU 
[0 0 8 8] 0 9TH S5E3-i7g3 5 OJKtttt, 0 

7ruch8 traDT***^ mi^mmm 2 4 

« 2 4 e fci£#*®2RT» D , $ 6 21 

CDUi«2 4eH (HSY^IpJ) JCfi< 

^TMStlTW. WIE«*f««2 4 eOffeNItt, 

40 0 2cocte>{csfjffe3-^)i3 5</}»agB3 5 btn- ® 

[0 0 8 9] £fcBiIfE3-£7jf 3 5i:i6CSt^5^ 
tt*«*3 5 d«Sni^Ttfi^ S6l:ttttB 
±aaii2 *r*Wtc«^ffi**J£3&«*»*««2 
4e**»fiHSftf, /Wh*«l:WtTh77?lTw 

Twio t)^«/£^ttofcfiiacoi(r*««2 4 f *vn 

[0 0 9 0] ±IEL^0 6^^U0 9tC^'r¥®0Xr 
50 tt, ^-TnfeS(rfE3-i7ji3 5(C«/W h*ia^ssfc 
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[0 0 9 1] £fciiiJ!53-^J13 5 ©flgffli mfffiH£^1l 

12 4(Dmmtmmmt>\ &z>^mm3-?m3 5© 

[0 0 9 2] ^oTBfrffi3-^li3 5iiII12 4t 
j&ia&S&fitC&^T, HUIH3-i7® 3 5 ©WEttl^® 
H 1 a i: W^^[6]^W»f®«(i. SiffH^MJl 2 4© 
tffEttftffiH 1 a i¥ff &#|p]^©»r®«<fc 0 *>*i* < 

^t-pT^ii. ^nic«t 0BfrlH3-i'^3 5^?.ffri2im 

S«2 4 (Cjl«)iCfS#ffi^S#< d t^'T^, MJ&CDm. 

[0 0 9 3] $.ftm 1 *^LE13©«fc'5»Ci8aa@2 4 
ta — 9M3 5 £&%l*lzMf$.V, HtJfB3-^J13 5© 
±fC3£i&8Ill 2 4 £S*a-S$fi£T-<&-5*§-&, 8rE3E18Bffi 

ta^TS^. 8fiEiiir:£«MK2 4 f ©^©te^Si* 
SIS h- 7 y ^*MT wT A*- >*ig&< ®/ST#T$f * 
LU. ae>fC*^^>«-&, tfrfH3-^)i3 5 5:T#-5IS 
OttftffiHl ail:9tTMt%:tT, ItfE^EBffi 
124 ©fflt«iSfn ffiE£»SR 2 4 (CffiS* 

[0 0 9 4] &*5S6&^L0 9«— fllT&O, 
12 4%.Z£3-?m3 5<D¥-WMVi&Ztl*>¥-ffiMmz 
m%.2tlZ>b<D-C\tti.<<\ *fgBJTte, MIS35MB2 
4t3-J'13 5iMiS:5fiil:l5^T. ituE3-? 
135 ©S5fH*ffS]®H 1 a <h W^^rS]^©W®«^. 
ftlE^fMB 2 4 ©iiflEttftBH 1 a tWr&^ft^© 

[0 0 9 5] i£3T*SBWTttllllftV»LB3©Vvr 

nwnsfcfl^litcfei/vrt). tufE3— i7J!3 5©|ffS®3 

5 attTB*^±®l'* i ^T>'N'f h*IfiUC«<ffl^ffl* 
[0 0 9 6] d©J;5ftftJSS®3 5 a ©*£/£:£& J- ^ I > 

[0 0 9 7] TfcibS+SSUIiTtt, iHH3-i7«3 5«k 
0feW^fCiSfi-r*«feltB3 3±*»6lffE3 — ^113 5 
±{C7SHtT^$n-5£S8ffi@2 4Sl/-^ bJBSrfflt^ 
Tff^-T^<h#, IfJfEl/v 5 ^ MIC±ffiiI2 4^J&© 

©BL «rE3-^B3 5©ml^®3 5 a 
»ffi»SWi«iiBT*6t. fttlEJ&RB 3 3 JyJ* 6 3 
-£S3 5±lC*HtT^$n«>l/xX MSIilS- 5S 
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(DmmT'Mf&T'gZtzit), SffE±fe^/^->W©U-->*X 

5 KlitrEife * - >rt IC U v X h fl 0 Z> d t 

[0 0 9 8] «£9T*»«Ttt. iMEtfc*/^->rt- 
S!C*-y*Ttl!lB7 1 ^fttH^t*", tfrE*y*TfcWH7 
1 ±KS«JK0r£JB:|*©£««Ji 2 4 £ * 

[0 0 9 9] *fc±E©«fc3fc:itNE3--$'li3 5©tfrS(l 
10 B35 a**fc;E&a*&«tt®**Wi»ffl®T»j«3ft 
T^*i, lKrE±fi&ffiB2 4S»(JEt4fcft©l/^ h 
loDf^ei^-CffiEftSui^ &/t^->Hfft 

*|Rl±S-B-4dt*«T#. fcTiflE±lI12 4^/t 

[0 10 0] »JC±EUfc«t"5lcWIE±aS»2 4©Stl 
E*tftfflH 1 alcSft£!&SffiS2 4 ate. ^-©±® (h 
U- U >^«©«E) © h 7 ^ti^lR]©^^ h 7 -y 
i7i|BTwtLT^J$n?)*<, C©H^y^tgTw$rie 

20 «3HTte« h 5 v 9{c\zttttW*mWM3M£9i^ v K 

[0 10 1] Sfc#%SJ5T-te. «tE3-fi3 5©StfSffi 
®3 5 a*^«cfce.^/fe<«^l-ffi*-5V^i^ftBi:^t?T^ 
5^tT". WE3-^B3 5A^SttE3EJKaB2 4 {C 

te, XA-Xi:««»n, «j|c©ilili3&*£i*]-L£ 

M2 4 ^«© 

30 jfT-5di**T^-5. 

[0 10 2] $fc*%BJT«. ±ELfc«fc'5lCtffE*6* 
1 3 3©±® 3 3 a b.mkM2 5 © JiB 2 5 aHCMP 
i* Id «t •o T W— ffl t $ nfc^ffift® i 7E£ t> T H 

•So 

[0 10 3] fieoTtflE*6i»)13 3©±!C3-i7B3 5 
$ 6 lC«^ffi8ffil 2 4 * /t*- >«ffifi < J^fiX-T^ CI i 

[0 10 4] $rc*^BJT«. SilEt8iil2 4SlZ>'3 

-^13 5&»J*n»tfT*ci#i3tB-e**a>s, etr 

40 G±fltfi|2 4t3-i7)13 5i^^58Wf-(T'l 

4 oiaiofiBMiasa**. 3-^13 snmamMmm&o 

^ES@J12 4^3-^13 5 ^O^ffi^OACCftOiftl^ 
£®ffilf 2 4*^A- KIM a I^LTgSOB^a^ 

[0 10 5] ^*5SUE3E^)1 2 4Rtf3-{'13 5 IC 
50 It Ni-Fe, Co-Fe, Ni-Fe-Co&i'ffl 
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atttmjWB&sn***. £a«Ji2 4^3-^13 

c iTfiafp««s« icft* arc: t*»niiBT?**. 
[0106] ^ctjs l^^uasjc^rsit^iE®^ 

at^^&tist. 3-f JH2 7 &ftn&«ftE<z>«d!E& 

JU;:J:-3T*il&a««2 lt3-i7M3 5tEfttff)J« 
^aS$n?>o 01&<^b3tCST<fc5!e, *tfPl®H 1 a 
Ttt. BtrfEXaM 2 4 CDitJiSE 2 4a <hfflii!jaffiJf 2 
10D«r«iffi2 1 b*»&0»naS»«Sf3&*, aE»ttE#MO 10 
A-WMa4IILV7 HfisEaE 
a&Jf 2 4 2 4a ©B*gj&<*f88bfi£ffili 2 1 ©lift 

SSE2 i b©ffi««tot>+»fc/ha^fc*k:. sftfsxa 

ffill 2 4 ©BftSSS 2 4a iC»naE§ia^©ajS: * 

[0107] 5fcic#«ijii©Siea«e»'\v f <&«]&# 

(c*5tt^SBa^f2^>> K©SSigXg*5f;TXI10T 

fc*501 1*501 3(iEHfj:^L@3lC^TS 20 

[oio8] 111 tc^-riST«. #ait*feif*Ji 3 1 

as^ns 3 1 ri». a 5 izmzmmmmm 2 1 
tf#ai4*&sui3 1 <D±mt:CMPmsui£im^TW- 

[0109] *cnctf aaan 2 1 ©/w (0 

bxu, a e> trfiuiHiisbaiie 2 i±i*eMi2 sod 30 

[0 110] *l:0 1 2(C^-Tck^fCffIfE*e^:Tife)i2 
6<D±tC7k-A^^^SlC«fc0 3'T;UB2 7 
U £ 6 KJgXtf Ji 7 7*mU<;i?4rlCJ:9&A-r 
uCttni'JH2 7tt, MSEJ&f^lf 2 5©SS$cfc 

7 £J@Lhtf H 7 7 £#a&f*0j£aff 3 2 T"ffiV>. $ 5 
\Z. *tWft«k«»t^^y^L,T, £T©B£«5*feit 
I3 3*»flEt5. 40 

[0 111] SfclC. 0 1 2(D«ffitC^$nfc#«iC^ 
l/T, 0^±#*5CMPt$ffifc££ffl^TW^JDX£ 
fffc?. CWW^DDIIi. «flE*fe»a3 3, SMI2 5 
*3<fctfJK±tfJi7 7©^TSr«SWr-5*¥ffi (L-L 
ffi) ©fiB^Tfiffc?. 

[0 1 12] itJKSf^JniKZXSS. 01 3 d^f <fc 5 
IC> Jgi^Jf 2 5 ©*ffl 2 5a. fi&mm 3 3 ©*® 33a 
*S«fctfj£JbtfH7 7©S®7 7 a#£TRME£&*.fc 

[oi 13] cr.sr*«#si*fi®aici3v>T*ar-5M 50 
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net**. ^«c0i izTK-rmmommmiz&im^v 

[0 1 14] 0 1 4 tiJPB0T"$> 0 , ¥ffi<t$tirc*6ift 
13 3K>±^K(C^'7^TiftS7 2SX/^^«Kt 

flMU fftfEl/vX HI18 0lC3-y*)13 5ff:M*©A°^ 
->80a$aL, -en^roi/y'XM^itS. 

l/yXhi8 0 5IV*l^l;ll Mi5/t^ — >8 0 a 
UtfKBl^X h«8 0*«3tSaUT. ^©gRft-^Rfc* 

■ 8 0*ffll/>fc«-&»Ctt, WE/^->8 0 af*3£gft 

mi:<t-9Til 4ICSt/t^->8 0 aOl/yX 
hlf 8 0 i 

[0 115] ^*3flE/1^->8 0 ate. 3 — ?m3 5 

«^n5«©3-^/^->8 0ci:, ^com-x 

(CfirgL^ -y^iimffl^r]^>/\-^->8 0 d £*<=>« 

[0 116] te&ttimrt* — >8 0 a«, •^<Oml5SM8 
0 btfWettfcfiBHl aiDfcyvf h^fcj (0^Y^ 
16]) SWJlC&BU SfcMl2A°^->8 0 a«3-J/t 
^->8 0 c \tifotEtttmM 2 5 K*TIEtfTJBjSSnT 

[0 117] ^KittrfBl/vX M8 OfCk^TlbnT 

a. wis h/i 8 o*»*-r*. 

[0 1 18] en(C«k^TStffE*fei»)13 3CD±(C«, A* 
^ — >8 0 a©ffim©*-;/*Titell7 2**8l£n&„ 
[0 119] &IC0 1 5tespffl0T-&<3 lOIgTU, 

C©i:#©i|fiEliJrffi0te0 1 8tSSnTH6. f LTti! 
IE3-^/t^->8 0 c©^7*Ti!7 2±tC3-^7 
13 5$^7«S^t5. 
[0 12 0] S-5l-itt^cD*ii^ctoT3-^«3 5* 

SftE*6»H3 3©±(CU5?Xha7 3*»fi!i-r*. $5 
KIMBI^* h«7 3IC3-i7«3 5©¥®»tt£:fc* 
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.AIMS 

!laim(s)] 

Ilaim 1] An auxiliary magnetic pole layer and a main pole layer open an interval in an opposed face with a record 
edium, and are located in it. By the perpendicular magnetic field which the coil layer which gives a record magnetic 
jld to the aforementioned auxiliary magnetic pole layer and the aforementioned main pole layer is prepared in the 
sight direction back rather than the aforementioned opposed face, and is concentrated on the aforementioned main 
>le layer In the vertical-magnetic-recording head which records magnetic data on the aforementioned record medium 
le connection layer which starts from the aforementioned auxiliary magnetic pole layer rather than the 
brementioned opposed face in the height direction back is prepared. Winding formation of the aforementioned coil 
yer is carried out around the aforementioned connection layer, and the aforementioned coil layer top is covered by 
e insulating layer, on the aforementioned insulating layer The yoke layer made into the inclined plane or curve side 
hich the front end side by the side of the aforementioned opposed face is located in the height direction backhand the 
brementioned front end side is moreover missing from the upper surface from the undersurface, and inclines in the 
sight direction is formed. The end face section of the aforementioned yoke layer is a vertical-magnetic-recording head 
laracterized by connecting with the aforementioned connection layer magnetically, applying on the aforementioned 
)ke layer from on the insulating layer in the aforementioned opposed face, and forming the main pole layer. 
:iaim 2] The upper surface of the aforementioned insulating layer and the upper surface of the aforementioned 
>nnection layer are a vertical-magnetic-recording head according to claim 1 used as the flattening side made into the 

ime side. . . 

:iaim 3] The front end side of the aforementioned main pole layer which has appeared in the aforementioned opposed 
ice is a vertical-magnetic-recording head according to claim 1 or 2 currently formed in the configuration in which the 
idth-of-face size of the direction of the width of recording track spreads towards the upper surface from an inferior 
irface of tongue. m 

:iaim 4] The both-sides end face of the aforementioned front end side is a vertical-magnetic-recordmg head according 
► claim 3 currently formed in respect of the inclined plane or the curve. 

:iaim 5] A vertical-magnetic-recording head according to claim 1 to 4 with the saturation magnetic flux density of the 
forementioned main pole layer higher than the saturation magnetic flux density of the aforementioned yoke layer, 
maim 6] The cross section from a direction parallel to the aforementioned opposed face of the aforementioned yoke 
tyer in the position with which the aforementioned yoke layer and a main pole layer lap is a larger vertical-magnetic- 
jcording head according to claim 1 to 5 than the cross section from a direction parallel to the aforementioned opposed 
ice of the aforementioned main pole layer. 

maim 7] The manufacture method of the vertical-magnetic-recording head characterized by having the following 
rocesses. 

i) It is the process which forms an auxiliary magnetic pole layer by the magnetic material, and on the (b) 
forementioned auxiliary magnetic pole layer. The process which fills the aforementioned coil layer top by the 
lsulating layer after forming a connection layer in the height direction back and forming [ rather than an opposed face 
rith a record medium ] a coil layer through an insulating ground layer between the aforementioned opposed face and a 
onnection layer on the aforementioned auxiliary magnetic pole layer next, (c) The process which deletes the front face 
f the aforementioned insulating layer and makes the same field the aforementioned insulating-layer upper surface and 
le aforementioned connection layer upper surface, (d) The process which forms in the aforementioned insulating-layer 
pper surface and the connection layer upper surface the plating ground layer of the yoke layer configuration where a 
ront end side is located in the height direction back rather than the aforementioned opposed face, and is prolonged 
ven on the aforementioned connection layer, (e) The process which carries out plating formation of the yoke layer by 
le magnetic material on the aforementioned plating ground layer, and is made into the inclined plane or curve side 
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hich inclines in the height direction, applying the front end side of the aforementioned yoke layer to the upper surface 
om an inferior surface of tongue at this time, (f) The process which keeps being prolonged in the aforementioned 
ssist layer even from the insulating layer in the aforementioned opposed face to on the aforementioned yoke layer, and 
>rms a pattern after forming a plating ground layer on the aforementioned insulating layer and a yoke layer and 
>rming a resist layer on the aforementioned plating ground layer, (g) Process which removes the aforementioned resist 
lyer after carrying out plating formation of the main pole layer by the magnetic material on the aforementioned 
lating ground layer exposed in the aforementioned omission pattern. 

Dlaim 8] The manufacture method of the vertical-magnetic-recording head according to claim 7 which forms a plating 
round layer at the following processes in the aforementioned (d) process. 

l) The process which forms a plating ground layer in the aforementioned insulating-layer upper surface and the 
3nnection layer upper surface, and forms a resist layer on the aforementioned plating ground layer further, (i) The 
rocess which leaves the resist layer of the yoke layer configuration where a front end side is located in the height 
irection back rather than the aforementioned opposed face, and is prolonged even on the aforementioned connection 
tyer, and removes other resist layers, and process which removes the aforementioned resist layer after removing the 
lating ground layer which is not covered by (j) resist layer. 

Ulaim 9] The manufacture method of the vertical-magnetic-recording head according to claim 7 which forms a plating 
round layer at the following processes in the aforementioned (d) process. 

c) The process which the yoke layer configuration which a resist layer is formed in the aforementioned insulating- 
tyer upper surface and the connection layer upper surface, and a front-end side is further located in the height 
irection back rather than the aforementioned opposed face at the aforementioned resist layer, and is prolonged even 
n the aforementioned connection layer extracts, and forms a pattern in the aforementioned resist layer, and the process 
'hich remove the aforementioned resist layer after carrying out the spatter membrane formation of the plating ground 
tyer into the (1) aforementioned omission pattern. 

31aim 10] The manufacture method of the vertical-magnetic-recording head according to claim 7 to 9 which the inside 
'idth method of the direction of the width of recording track in the aforementioned opposed face is missing from the 
pper surface, keeps spreading from an inferior surface of tongue at least in the aforementioned (f) process, and forms 
pattern in the aforementioned resist layer. 

I!laim 11] The manufacture method of a vertical -magnetic-recording head according to claim 7 to 1 1 of removing the 
forementioned plating ground layer which is the aforementioned (g) process and was formed [ except, under the 
forementioned main pole layer ] further. 



Translation done.] 
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NOTICES * 

ipan Patent Office is not responsible for any 
uaages caused by the use of this translation. 

This document has been translated by computer. So the translation may not reflect the original precisely. 
**** shows the word which can not be translated. 
In the drawings, any words are not translated. 



ET AILED DESCRIPTION 



detailed Description of the Invention] 
1001] 

Tie technical field to which invention belongs] this invention relates to the vertical-magnetic-recording head which 
scords by giving a perpendicular magnetic field to record media, such as a disk which has a hard film, especially it can 
irry out plating formation appropriately, applying a main pole layer on a yoke layer from on an insulating layer, and 
dates to the vertical-magnetic-recording head which can moreover raise the passage efficiency of the magnetic flux 
om the aforementioned yoke layer to a main pole layer, and its manufacture method. 
>002] 

Description of the Prior Art] There is vertical magnetic recording as equipment which records magnetic data on record 
edia, such as a disk, by high density. Drawing 27 is the cross section showing the general structure of the vertical- 
agnetic-recording head used for the equipment of the aforementioned vertical magnetic recording. 
K)03] As shown in drawin g 27 , the vertical-magnetic-recording head H of vertical magnetic recording is formed in 
e side edge side of the slider 1 which moves [ surfaces it and ] or slides on a record-medium top, and the 
brementioned vertical-magnetic-recording head H is arranged between a nonmagnetic membrane 2 and the 
)nmagnetic covering film 3 in side edge side la of a slider 1. 

>004] The aforementioned vertical-magnetic-recording head H has the auxiliary magnetic pole layer 4 formed with a 
aromagnetic material, and the main pole layer 5 which opened the interval and was formed on the aforementioned 
ixiliary magnetic pole layer 4 and which was similarly formed with a ferromagnetic material, and end-face 4a of the 
brementioned auxiliary magnetic pole layer 4 and end-face 5a of the aforementioned main pole layer 5 have appeared 
. the opposed face Ha with a record medium M. In the back side, the aforementioned auxiliary magnetic pole layer 4 
id the aforementioned main pole layer 5 are magnetically connected in the magnetic connection 6 rather than the 
brementioned opposed face Ha. 

^005] Between the aforementioned auxiliary magnetic pole layer 4 and the aforementioned main pole layer 5, the 
)nmagnetic insulating layer 7 by inorganic material, such as aluminum203 and Si02, is located, and end-face 7a of 
is nonmagnetic insulating layer 7 has appeared in the aforementioned opposed face Ha between end-face 4a of the 
brementioned auxiliary magnetic pole layer 4, and end-face 5a of the aforementioned main pole layer 5. 
>006] And in the aforementioned nonmagnetic insulating layer 7, the coil layer 8 formed with conductive material, 
ich as Cu, is laid underground. 

>007] As shown in drawing 27 , the thickness hw of end-face 5a of the main pole layer 5 is smaller than the thickness 
: of end- face 4a of the auxiliary magnetic pole layer 4. Moreover, as shown in the plan of drawing 28 , the width-of- 
ice size of end-face 5a of the direction of the width of recording track of the aforementioned main pole layer 5 (the 
section of illustration X) is the width of recording track Tw, and this width-of-face size is smaller enough than the 
idth-of-face size Wr of end-face 4a of the direction of the width of recording track of the aforementioned auxiliary 
tagnetic pole layer 4. 

>008] The record medium M to which magnetic recording is performed by the aforementioned vertical-magnetic- 
:cording head H moves to a Z direction to the vertical-magnetic-recording head H, and the soft film Mb is formed for 
te hard film Ma in the front face in the inner direction. 

)009] When are energized by the aforementioned coil layer 8 and a record magnetic field is guided to the auxiliary 
lagnetic pole layer 4 and the main pole layer 5, the leakage record magnetic field between end-face 4a of the auxiliary 
tagnetic pole layer 4 and end-face 5a of the main pole layer 5 passes the hard film Ma of a record medium M 
srpendicularly, and passes along the soft film Mb. Here, since the area of end-face 5a of the main pole layer 5 is 
nailer enough than the area in end-face 4a of the auxiliary magnetic pole layer 4 as mentioned above, magnetic flux 
ai concentrates in the opposite portion of end-face 5a of the main pole layer 5, and magnetic data are recorded by the 
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forementioned magnetic flux phi to the aforementioned hard film Ma in the portion which end-face 5a counters. 
)01 0] By the way, as shown in the plan of drawing 28 , the aforementioned main pole layer 5 consists of front field 5c 
f **** by which linear dimension was formed in the height direction back by LI from the aforementioned opposed 
ice Ha, and yoke section 5b to which it applies to the height direction back from the end face of the aforementioned 
ont field 5c, and the width-of-face size of the direction of the width of recording track (the direction of illustration X) 
treads on a target gradually. 

)01 1] Forming as short as possible can ease the magnetic saturation in the aforementioned front field 5c, it can 
:>ncentrate and generate the magnetic flux which flows from aforementioned yoke section 5c from front end side 5a of 
ie aforementioned main pole layer 5, and the linear dimension LI of the aforementioned front field 5c has it. 
desirable ] 

)012] However, if the aforementioned linear dimension LI is shortened too much, it is difficult to form the minute 
attern of front field 5c correctly. As the width of recording track Tw of the aforementioned front end side 5a spreads, 
id is formed from a predetermined value or it is shown in drawing 28 The width-of-face size of the direction of the 
idth of recording track (the direction of illustration X) will spread, and will be formed as it goes in the height 
irection (the direction of illustration Y), and control of the configuration of the width of recording track Tw and the 
forementioned front field 5c was very difficult. 

>013] The problem of such configuration change has the large place which front field 5c of the aforementioned main 
Die layer 5 and yoke section 5b depend on the monolayer formed in one, and the structure where the aforementioned 
ont field 5c forms yoke section 5b independently for this reason is considered. 

)014] Drawing 29 is drawing of longitudinal section which improved the conventional vertical-magnetic-recording 
sad shown in drawin g 27 , and as shown in drawing 29 , the yoke layer 10 is formed on the nonmagnetic insulating 
yer 7. Front end side 10a of the aforementioned yoke layer 10 is located in the height direction (direction of 
lustration Y) back from the aforementioned opposed face Ha, moreover, starts from the nonmagnetic insulating layer 
to a perpendicular, and is formed. Moreover, as shown in drawing 29 , it applies on the aforementioned yoke layer 10 
om on the nonmagnetic insulating layer 7 in the aforementioned opposed face Ha, and the main pole layer 5 is 
>rmed. As the plan of the vertical-magnetic-recording head shown in drawing 29 is a flat-surface configuration like 
rawing 30 and is shown in drawing 30 The aforementioned yoke layer 10 is a configuration to which the width-of- 
tce size of the direction of the width of recording track (the direction of illustration X) spreads on a target gradually as 
goes in the height direction (the direction of illustration Y). the aforementioned main pole layer 5 It consists of 5d of 
ick fields in which the width-of-face size from the end face of width-of-face narrow type-like front field 5c in which 
ont end side 5a was formed by the width of recording track Tw, and this front field 5c to the direction of the width of 
wording track spreads. 

K)15] Even if it forms the linear dimension L2 to the height direction (the direction of illustration Y) of front field 5c 
f the aforementioned main pole layer 5 on the aforementioned yoke layer 10 like drawing 29 and 30 for a long time 
tan before as it is the structure of piling up the main pole layer 5 By bringing near and forming the aforementioned 
Dke layer 10 in an opposed face Ha side as much as possible, the magnetic flux from the aforementioned yoke layer 
3 can be appropriately led to front field 5c of the aforementioned main pole layer 5, without the aforementioned front 
eld 5c reaching magnetic saturation. 

)016] Thus, since front field 5c of the aforementioned main pole layer 5 was formed in the height direction for a long 
me as it is the structure shown in drawing 30 , pattern precision improved and it was thought that the aforementioned 
ont field 5c could be formed in the predetermined width of recording track Tw and a predetermined, predetermined 
>nfiguration. 
)017] 

> roblem(s) to be Solved by the Invention] However, with the vertical-magnetic-recording head shown in drawing 29 , 
nee front end side 10a of the aforementioned yoke layer 10 rises from the upper surface of the nonmagnetic insulating 
yer 7 to a perpendicular and is formed, a big level difference is formed between the aforementioned nonmagnetic 
isulating layer 7 and the aforementioned front end side 10a. For this reason, the following problems occurred at the 
me of the formation process of the aforementioned main pole layer 5. Drawing 3 1 and drawing 32 are 1 process 
rawings showing the manufacture method at the time of forming the aforementioned main pole layer 5. 
)018] As shown in drawing 3 1 , the yoke layer 10 is formed on the aforementioned nonmagnetic insulating layer 7, it 
Dplies on the aforementioned yoke layer 1 0 from on the aforementioned nonmagnetic insulating layer 7 further, and 
ie plating ground layer 1 1 is formed. This plating ground layer 1 1 is a ground for carrying out plating growth of the 
lain pole layer 5 at the following process. Furthermore, the resist layer 12 is formed on the aforementioned plating 
round layer 1 1 . 

)019] As shown in drawing 3J , since front end side 10a of the aforementioned yoke layer 10 rises from on the 
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onmagnetic insulating layer 7 to a perpendicular and is formed, between the aforementioned front end side 10a and 
le nonmagnetic insulating layer 7, the big level difference A produces it. 

)020] For this reason, a size difference arises from on the aforementioned nonmagnetic insulating layer 7 in the 
lickness H2 of the resist layer 12 applied to the resist layer 12 applied on the yoke layer 10, applying on the 
forementioned yoke layer 10, and the thickness H3 of the resist layer 12 applied on the aforementioned nonmagnetic 
lsulating layer 7. 

)021] Although it extracts for main pole layer 5 formation in the aforementioned resist layer 12 and pattern 12a is 
>rmed in exposure development in the process shown in following drawing 32 Since the thickness of the 
forementioned resist layer 12 becomes thick rapidly in the portion of the aforementioned level difference A to the 
jsist layer 12 on the yoke layer 10 at this time, Exposure is not made suitable even for the inferior surface of tongue of 
le resist layer 12 applied to the portion of this level difference A, but resist layer 12b by which exposure development 
; not carried out tends to remain in the portion of the aforementioned level difference A. 

)022] And even if it is going to carry out plating growth of the main pole layer 5 from on the plating ground layer 1 1 
Kposed in the aforementioned omission pattern 12a next If resist layer 12b remains in the aforementioned omission 
attern 12a, since the plating ground layer 1 1 is covered by the aforementioned resist layer 12b in the portion, plating 
rowth is not made appropriately. On the aforementioned resist layer 12b, the main pole layer 5 of extremely thin 
lickness is formed, or a defective is easy to be formed — the main pole layer 5 is not formed in this portion at all. 
)023] Moreover, if there is a big level difference A and a big difference is in the thickness of the resist layer 12 
etween the yoke layer 10 and the nonmagnetic insulating layer 7, since the pattern precision of the aforementioned 
mission pattern 12a falls, it cannot form front field 5c of the aforementioned main pole layer 5 in the predetermined 
idth of recording track Tw and a predetermined, predetermined configuration, and cannot manufacture the vertical - 
lagnetic-recording head which can respond to ** truck-ization. 

)024] Moreover, the front-end side 10 a of the aforementioned yoke layer 10 rises from on a nonmagnetic insulating 
tyer 7 to a perpendicular, if the aforementioned yoke layer 10 is formed by the shape of an abbreviation rectangle in 
le position which laps with the aforementioned main pole layer 5, magnetic flux will become easy to leak from front- 
ad side 10a of the aforementioned yoke layer 10, the aforementioned magnetic flux will not be drawn suitable for the 
lain pole layer 5 from the aforementioned yoke layer 10, but the passage efficiency of magnetic flux will fall, and the 
ill 

)025] Then, it aims at offering the vertical-magnetic-recording head which plating formation can be carried out 
ppropriately, this invention being able to solve the above-mentioned conventional technical problem, and being able 
) apply the aforementioned main pole layer on the aforementioned yoke layer from on an insulating layer by making 
le front end side of the aforementioned yoke layer into a gently-sloping inclined plane or a curve side, and can raise 
le passage efficiency of the magnetic flux from the aforementioned yoke layer to a main pole layer, and its 
lanufacture method. 
)026] 

vleans for Solving the Problem] An auxiliary magnetic pole layer and a main pole layer open an interval in an 
pposed face with a record medium, and this invention is located in it. By the perpendicular magnetic field which the 
ail layer which gives a record magnetic field to the aforementioned auxiliary magnetic pole layer and the 
forementioned main pole layer is prepared in the height direction back rather than the aforementioned opposed face, 
ad is concentrated on the aforementioned main pole layer In the vertical-magnetic-recording head which records 
lagnetic data on the aforementioned record medium The connection layer which starts from the aforementioned 
uxiliary magnetic pole layer rather than the aforementioned opposed face in the height direction back is prepared, 
finding formation of the aforementioned coil layer is carried out around the aforementioned connection layer, and the 
forementioned coil layer top is covered by the insulating layer, on the aforementioned insulating layer The yoke layer 
lade into the inclined plane or curve side which the front end side by the side of the aforementioned opposed face is 
>cated in the height direction back, and the aforementioned front end side is moreover missing from the upper surface 
•om an inferior surface of tongue, and inclines in the height direction is formed. It is characterized by connecting the 
nd face section of the aforementioned yoke layer with the aforementioned connection layer magnetically, applying on 
le aforementioned yoke layer from on the insulating layer in the aforementioned opposed face, and forming the main 
ole layer. 

)027] In this invention, the inclined plane or curve side which is missing from the upper surface from an inferior 
urface of tongue, and inclines in the height direction is formed in the front end side of the aforementioned yoke layer. 
3028] Thus, if not the configuration in which the front end side of the aforementioned yoke layer starts as a vertical 
lane in this invention unlike the former but the aforementioned front end side is the configuration which starts 
awards the height direction in respect of a gently-sloping inclined plane or a curve The resist layer used when 
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pplying on a yoke layer from on the insulating layer located ahead of the aforementioned yoke layer and forming a 
lain pole layer can be formed by almost uniform thickness. Therefore, it is formed in the aforementioned resist layer 
nd extracts, and it applies to an inferior surface of tongue, and exposure development is carried out appropriately and 
le resist layer in a pattern can be removed from the upper surface. Therefore, since the plating ground layer for resist 
*** not occurring but forming a main pole layer in the aforementioned omission pattern like before in this invention 
t the aforementioned whole surface in an omission pattern can be exposed, it is possible to carry out plating formation 
f the aforementioned main pole layer appropriately in a predetermined configuration into the aforementioned 
mission pattern. 

)029] Moreover, it is possible to form a main pole layer since thickness of the resist layer applied on the yoke layer 
om the aforementioned insulating layer which starts gently-sloping so that thickness may become [ the front end side 
f the aforementioned yoke layer from the aforementioned insulating layer ] large gradually as mentioned above in this 
ivention, and is used in the case of the main pole stratification is mostly made to regularity with a sufficient pattern 
recision, and it is easy to form the front end side of the aforementioned main pole layer with high precision [ in the 
redetermined width of recording track Tw and a predetermined configuration ] 

)030] Moreover, in this invention, if it is a gently-sloping inclined plane or a curve side so that the front end side of 
le aforementioned yoke layer may apply in the height direction and thickness may become thick gradually, the 
magnetic flux from the aforementioned yoke layer is smoothly led to a main pole layer, and can suppress the leakage of 
le magnetic flux from the aforementioned front end side conventionally. That is, since the passage efficiency of the 
tagnetic flux from the aforementioned yoke layer to a main pole layer can be raised in this invention and magnetic 
ux can be centralized on the aforementioned main pole layer, it is possible to manufacture the vertical-magnetic- 
xording head excellent in high recording density-ization. 

)03 1 ] Moreover, as for the upper surface of the aforementioned insulating layer, and the upper surface of the 
forementioned connection layer, in this invention, it is desirable that it is the flattening side made into the same side, 
hereby, a yoke layer and a main pole layer can be formed with a sufficient pattern precision. 
)032] Moreover, as for the front end side of the aforementioned main pole layer which has appeared in the 
forementioned opposed face in this invention, it is desirable to be formed in the configuration in which the width-of- 
ice size of the direction of the width of recording track spreads towards the upper surface from an inferior surface of 
>ngue, and, as for the both-sides end face of the aforementioned front end side, in this case, it is desirable to be formed 
i respect of an inclined plane or a curve. 

)033] Moreover, in this invention, it is desirable that the saturation magnetic flux density of the aforementioned main 
Die layer is higher than the saturation magnetic flux density of the aforementioned yoke layer. In this invention, the 
forementioned main pole layer and a yoke layer can be formed separately. For this reason, it is possible for it to be 
?le to become possible to choose a magnetic material with saturation magnetic flux density higher than a yoke layer 
5 the aforementioned main pole layer, to be able to make the aforementioned main pole layer collect magnetic flux by 
lis, and to manufacture the vertical-magnetic-recording head which can respond suitable for a raise in recording 
snsity. 

)034] Moreover, as for the cross section from a direction parallel to the aforementioned opposed face of the 
forementioned yoke layer in the position with which the aforementioned yoke layer and a main pole layer lap in this 
ivention, it is desirable that it is larger than the cross section from a direction parallel to the aforementioned opposed 
ice of the aforementioned main pole layer. It is possible to raise the passage efficiency of the magnetic flux from the 
forementioned yoke layer to a main pole layer by this. 

)035] Moreover, the manufacture method of the vertical -magnetic-recording head in this invention is characterized by 
aving the following processes. 

i) It is the process which forms an auxiliary magnetic pole layer by the magnetic material, and on the (b) 
forementioned auxiliary magnetic pole layer. The process which fills the aforementioned coil layer top by the 
isulating layer after forming a connection layer in the height direction back and forming [ rather than an opposed face 
ith a record medium ] a coil layer through an insulating ground layer between the aforementioned opposed face and a 
^nnection layer on the aforementioned auxiliary magnetic pole layer next, (c) The process which deletes the front face 
f the aforementioned insulating layer and makes the same field the aforementioned insulating-layer upper surface and 
le aforementioned connection layer upper surface, (d) The process which forms in the aforementioned insulating-layer 
pper surface and the connection layer upper surface the plating ground layer of the yoke layer configuration where a 
ont end side is located in the height direction back rather than the aforementioned opposed face, and is prolonged 
/en on the aforementioned connection layer, (e) The process which carries out plating formation of the yoke layer by 
le magnetic material on the aforementioned plating ground layer, and is made into the inclined plane or curve side 
hich inclines in the height direction, applying the front end side of the aforementioned yoke layer to the upper surface 
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om an inferior surface of tongue at this time, (f) The process which keeps being prolonged in the aforementioned 
:sist layer even from the insulating layer in the aforementioned opposed face to on the aforementioned yoke layer, and 
>rms a pattern after forming a plating ground layer on the aforementioned insulating layer and a yoke layer and 
uming a resist layer on the aforementioned plating ground layer, (g) Process which removes the aforementioned resist 
yer after carrying out plating formation of the main pole layer by the magnetic material on the aforementioned 
ating ground layer exposed in the aforementioned omission pattern. 

»036] In this invention, the plating ground layer for the yoke stratification is formed on an insulating layer at the 
brementioned (d) process, and plating growth of the yoke layer is carried out on the aforementioned plating ground 
yer at the aforementioned (e) process. At the aforementioned (d) process, the circumference of the aforementioned 
ating ground layer It is not surrounded by the resist layer etc. but only the plating ground layer is formed on the 
sulating layer by which flattening was carried out. Thus, the front end side of the yoke layer which carries out plating 
owth from a plating ground layer without the enclosure by the resist layer etc. grows being roundish, and can be 
•rmed in respect of the inclined plane which inclines in the height direction, applying the front end side of the 
brementioned yoke layer to the upper surface from an inferior surface of tongue, or a curve. 
037] And in this invention, since the front end side of the aforementioned yoke layer is a gently-sloping inclined 
ane or a curve side, thickness of the resist layer formed on a yoke layer from on the insulating layer ahead of the 
brementioned yoke layer at the above-mentioned (f) process, applying can be mostly made into homogeneity. 
)038] For this reason, when a main pole layer extracts in the aforementioned resist layer and a pattern is formed in 
cposure development, it applies throughout the upper surface, and exposure development is carried out appropriately, 
e resist layer in the aforementioned omission pattern can be removed from an inferior surface of tongue, and resist 
16 ** does not occur like before in the aforementioned omission pattern. 

>039] Therefore, it is possible for the plating ground layer for the main pole stratification to be appropriately exposed 
the aforementioned omission pattern, therefore to carry out plating growth of the main pole layer appropriately with 
predetermined configuration on the aforementioned plating ground layer at the aforementioned (g) process. 
>040] Moreover, it is desirable to form a plating ground layer at the following processes in the aforementioned (d) 
ocess in this invention. 

i) The process which forms a plating ground layer in the aforementioned insulating-layer upper surface and the 
mnection layer upper surface, and forms a resist layer on the aforementioned plating ground layer further, (i) The 
ocess which leaves the resist layer of the yoke layer configuration where a front end side is located in the height 
rection back rather than the aforementioned opposed face, and is prolonged even on the aforementioned connection 
yer, and removes other resist layers, and process which removes the aforementioned resist layer after removing the 
ating ground layer which is not covered by (j) resist layer. 

►041] Or in this invention, you may form a plating ground layer at the following processes in the aforementioned (d) 
ocess. 

:) The process which the yoke layer configuration which a resist layer is formed in the aforementioned insulating- 
yer upper surface and the connection layer upper surface, and a front-end side is further located in the height 
rection back rather than the aforementioned opposed face at the aforementioned resist layer, and is prolonged even 
i the aforementioned connection layer extracts, and forms a pattern in the aforementioned resist layer, and the process 
hich remove the aforementioned resist layer after carrying out the spatter membrane formation of the plating ground 
yer into the (1) aforementioned omission pattern. 

>042] According to the formation method of the above-mentioned plating ground layer, the circumference of the 
brementioned plating ground layer is not surrounded in a resist layer etc., but only the aforementioned insulating 
yer has become an extended state to the circumference of the aforementioned plating ground layer. Therefore, if 
ating growth of the yoke layer is carried out on the aforementioned plating ground layer, the circumference of the 
brementioned yoke layer grows being roundish, and can be formed as the inclined plane which inclines in the height 
rection, applying the front end side of the aforementioned yoke layer to the upper surface from an inferior surface of 
•ngue, or a curve side. 

>043] Moreover, it is desirable for the inside width method of the direction of the width of recording track in the 
brementioned opposed face to be missing from the upper surface, to keep spreading from an inferior surface of 
•ngue at least, in the aforementioned (f) process, in this invention, and to form a pattern in the aforementioned resist 
yer. 

1044] It can form in the configuration in which this applies the front end side of the aforementioned main pole layer to 
ie upper surface from the undersurface, and a width-of-face size spreads gradually. 

)045] Moreover, it is desirable to remove the aforementioned plating ground layer which is the aforementioned (g) 
rocess and was formed [ except under the aforementioned main pole layer ] further by this invention. 
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>046] 

imbodiments of the Invention] Drawing 1 is drawing of longitudinal section showing the structure of the magnetic 
sad equipped with the vertical-magnetic-recording head of the 1 st operation form of this invention. 
>047] The vertical-magnetic-recording head H shown in drawing J gives a perpendicular magnetic field to a record 
edium M, and makes the hard film Ma of a record medium M magnetize perpendicularly. 

K348] The aforementioned record medium M is a disk-like, and the high hard film Ma of residual magnetization has 
e soft film Mb with magnetic high permeability in the inner direction, and the center of a disk takes the axis-of- 
►tation lead, and it is rotated for it by the front face. 

J049] If it is formed with ceramic material, such as aluminum 203 and TiC, opposed face 30a of a slider 30 counters 
e aforementioned record medium M and a record medium M rotates, a slider 30 will surface from the front face of a 
cord medium M by the surface airstream, or a slider 30 will slide on the slider 30 of the aforementioned vertical- 
agnetic-recording head H at a record medium M. In drawing 1 , the move direction of the record medium M to a 
ider 30 is an illustration Z direction. The aforementioned perpendicular magnetic-head H is prepared in the trailing 
de edge side of a slider 30. 

»050] The nonmagnetic insulating layer 54 by inorganic material, such as aluminum 203 or Si02, is formed in side 
Ige side 30b of the aforementioned slider 30, and read station HR is formed on this nonmagnetic insulating layer. 
i051] The aforementioned read station HR consists of the lower shell lower shield layer 52, the gap layer 55, the 
agnetoresistance-effect element 53, and the up shield layer 51. The aforementioned magnetoresistance-effect 
ements 53 are an anisotropy magnetoresistance-effect (AMR) element, a huge magnetoresistance-effect (GMR) 
ement, a tunneled type magnetoresistance-effect (TMR) element, etc. 

•052] On the aforementioned up shield layer 5 1 , the nonmagnetic insulating layer 3 1 by inorganic material, such as 
uminum 203 or Si02, is formed, and the vertical-magnetic-recording head H for record of this invention is formed 
i the aforementioned nonmagnetic insulating layer 3 1 . And the vertical -magnetic-recording head H is covered with 
e protective layer 13 formed by the inorganic nonmagnetic insulating material etc. And opposed face HI a with the 
cord medium of the aforementioned vertical-magnetic-recording head H is the same side mostly with opposed face 
)a of the aforementioned slider 30. 

►053] Ferromagnetic material, such as a permalloy (nickel-Fe), is plated with the aforementioned vertical-magnetic- 
cording head H, and the auxiliary magnetic pole layer 21 is formed with it. In addition, the aforementioned up shield 
yer 51 may be made to serve a double purpose as the aforementioned auxiliary magnetic pole layer 21. The 
brementioned nonmagnetic insulating layer 3 1 is formed in the bottom of the aforementioned auxiliary magnetic pole 
yer 21 (between the auxiliary magnetic pole layer 21 and side edge side 30b of a slider 30), and the circumference of 
e aforementioned auxiliary magnetic pole layer 21 . And as shown in drawing 1 , surface (upper surface) 21 a of the 
lxiliary magnetic pole layer 21 and surface (upper surface) 31a of the aforementioned nonmagnetic insulating layer 
I are located on the same flat surface. 

i054] As shown in drawing 1 , the connection layers 25, such as nickel-Fe, are formed on surface 21a of the 
brementioned auxiliary magnetic pole layer 21 rather than the aforementioned opposed face HI a in the height 
rection back (the direction of illustration Y). 

i055] In the circumference of the aforementioned connection layer 25, the insulating ground layers 26, such as 
uminum 203, are formed on surface 21a of the aforementioned auxiliary magnetic pole layer 21, and surface 31a of 
e aforementioned nonmagnetic insulating layer 31, and the coil layer 27 is formed of conductive material, such as 
u, on this insulating ground layer 26. This coil layer 27 is formed with frame plating etc., and pattern formation is 
>irally carried out so that it may become a predetermined number of turns around the aforementioned connection layer 
5. On end-connection 27a by the side of the volume center of the coil layer 27, the bottom raising layer 77 similarly 
•rmed with conductive material, such as Cu, is formed. 

i056] The aforementioned coil layer 27 and the bottom raising layer 77 are covered with the insulating layer 32 of 
ganic materials, such as resist material, and are further covered by the insulating layer 33. 

i057] As for the aforementioned insulating layer 33, being formed by the inorganic insulating material is desirable, 
id at least one or more sorts in AlO, aluminum 203, Si02 and Ta 205, TiO and A1N, AlSiN, TiN and SiN, Si3N4, 
iO, WO, W03, BN and CrN, and SiON can be chosen as the aforementioned inorganic insulating material. 
»058] And surface (upper surface) 25a of the aforementioned connection layer 25, surface (upper surface) 77a of the 
>ttom raising layer 77, and surface (upper surface) 33a of an insulating layer 33 are processed so that it may become 
e same side. Such flattening processing is performed using CMP technology etc. so that it may explain by the below- 
entioned manufacture method. 

>059] With this 1st operation form, the yoke layer 35 is formed on the aforementioned insulating layer 33. As shown 
drawing J , front end side 35a of the aforementioned yoke layer 35 is formed in the height direction (direction of 
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lustration Y) back rather than the aforementioned opposed face HI a. Moreover, end face section 35c of the 
forementioned yoke layer 35 is formed in the upper surface of the aforementioned connection layer 25, and the 
forementioned end face section 35c and the connection layer 25 will be magnetically connected. Since the insulating 
lyer 33 under the aforementioned yoke layer 35 is formed in respect of flattening, the aforementioned yoke layer 35 
in be formed with a sufficient pattern precision. 

)060] Moreover, in this invention, it is the inclined plane or curve side which inclines in the height direction (the 
irection of illustration Y), front end side 35 applying [ of the aforementioned yoke layer 35 ] it to the upper surface 
om the undersurface (illustration Z direction). 

)061] Moreover, as shown in drawing 1 , the lead layer 36 is formed in surface 77a of the aforementioned bottom 
using layer 77, and supply of record current is possible in the aforementioned bottom raising layer 77 and the coil 
tyer 27 from the lead layer 36. In addition, it can form with the same material as the aforementioned yoke layer 35, 
id the aforementioned lead layer 36 can form simultaneously the aforementioned yoke layer 35 and the lead layer 36 
y plating. 

)062] Moreover, as shown in drawing 1 , the main pole layer 24 which applied on the aforementioned yoke layer 35 
om on the insulating layer 33 located in the aforementioned opposed face HI a side, and was formed by magnetic 
laterials, such as NiFe, through the plating ground layer 71 rather than the aforementioned yoke layer 35 is formed, 
urthermore, the non-magnetic layer 40 is piled up and formed on the aforementioned main pole layer 24. And both 
le front end sides 24a and 40a of the aforementioned main pole layer 24 and a non-magnetic layer 40 have appeared 
om aforementioned opposed face HI a. 

)063] In addition, with the operation gestalt shown in drawing 1 , although formed by the linear dimension of L3, 
Dplying the aforementioned main pole layer 24 and the yoke layer 35 in the height direction from aforementioned 
pposed face HI a, if the aforementioned main pole layer 24 and the yoke layer 35 lap partly and are connected 
lagnetically, the aforementioned linear dimension L3 will not be limited. Therefore, the aforementioned main pole 
yer 24 and a non-magnetic layer 40 may be formed in the height direction still longer, for example, may be extended 
ke drawin g 2 to the same position as back end side 35b of the aforementioned yoke layer 35. 
)064] In addition, as shown in drawing 1 and 2, the aforementioned non-magnetic layer 40 and yoke layer 35 top is 
Dvered by the aforementioned protective layer 13. 

)065] In addition, if the non-magnetic layer 40 has piled up on the main pole layer 24 like drawing 1 and drawing 2 
1 the time of the process which removes the plating ground layer 71 formed [ except under the aforementioned main 
Die layer 24 ] Although the component of the aforementioned plating ground layer 71 may adhere to the both-sides 
id face of the direction of the width of recording track of the aforementioned main pole layer 24 (the direction of 
lustration X) when the aforementioned plating ground layer 71 can be removed and the aforementioned plating 
round layer 71 is removed, without decreasing the height size of the aforementioned main pole layer 24 Even in this 
ise, the aforementioned adhesion film can be removed, without decreasing the height size of the aforementioned main 
Die layer 24. Moreover, although the width of recording track Tw of the aforementioned main pole layer 24 can be 
arrowed and the vertical-magnetic-recording head which can respond to ** truck-ization can be manufactured by 
sleting the both-sides end face of the aforementioned main pole layer 24, it is possible to attain ** truck-ization of the 
forementioned main pole layer 24, without decreasing the height size of the aforementioned main pole layer 24 also in 
ds time. 

)066] In addition, as for the aforementioned non-magnetic layer 40, being formed with non-magnetic metal material is 
ssirable. NiP, NiCu, NiMn, and NiW, NiB, Pd, Rh, Ru, Au and Cu can be chosen as the aforementioned non- 
lagnetic metal material. It is desirable to choose NiP also in this. In addition to the continuation plating ease on 
lanufacture, the aforementioned non-magnetic layer 40 is excellent in thermal resistance in it being NiP, and its 
Ihesion with the main pole layer 24 is also good. Moreover, hardness with the main pole layer 24 and the amount of 
rocessings of a non-magnetic layer 40 and the main pole layer 24 by the ion milling later mentioned since it is 
juivalent can be made equivalent, and can raise processability. 

)067] Moreover, a non-magnetic layer 40 is a NiP alloy, and it is [ the concentration of Element P ] desirable that it is 
dow 1 5 mass % above 8 mass %. It is stabilized also, for example to external factors, such as generation of heat, by 
ds, and it is possible for it to be nonmagnetic. Moreover, measurement of alloy composition of the non-magnetic 
yers 40, such as a NiP alloy, can be specified with an X-rays spectroscopic analyzer, wave distributed line analysis 
juipment, etc. which were put [ transverse electromagnetic / SEM, ] together. 

)068] In addition, the reason for choosing the above-mentioned non-magnetic metal material is that the plating 
>rmation of the aforementioned non-magnetic layer 40 can be carried out in succession on the main pole layer 24 by 
hich plating formation is carried out, and it can attain simplification of a manufacturing process. 
)069] Drawing . 3 is drawing of longitudinal section of the magnetic head which equipped the vertical-magnetic- 
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jcording head which shows another operation gestalt in this invention. 

)070] A non-magnetic layer 40 puts the operation gestalt of drawing 3 on the difference in drawing 1 , and the upper 
jrface of the aforementioned main pole layer 24, and it is not prepared in them, for this reason, although the effect by 
aving formed the above-mentioned non-magnetic layer 40 cannot be acquired in d rawin g 3 , it is formed in respect of 
le inclined plane which inclines in the height direction (the direction of illustration Y), applying front end side 35a of 
le aforementioned yoke layer 35 to the upper surface from an inferior surface of tongue also in this operation gestalt, 
r a curve, and what the effect of this invention mentioned later is acquired for is possible 

)071] Next, the configuration of the front end sides 24a and 40a of the main pole layer 24 in drawing 1 and drawing 2 
id a non-magnetic layer 40 is explained. 

)072] As shown in drawing 4 and 5, the plating ground layer 71 is formed between the aforementioned insulating 
lyer 33 and the main pole layer 24. From the aforementioned plating ground layer 71, the aforementioned main pole 
tyer 24 carries out plating growth, and is formed, and the height size HI of the aforementioned main pole layer 24 is 
5t as a certain predetermined value. 

)073] As shown in drawing 4 and 5, the both-sides end faces 24d and 24d of front end side 24a of the aforementioned 
tain pole layer 24 are formed in the configuration in which is followed toward the upper surface (illustration Z 
irection) from an inferior surface of tongue, and the width-of-face size of the direction of the width of recording track 
he direction of illustration X) spreads gradually. As for the aforementioned both-sides end faces 24d and 24d, it is 
ssirable like drawing 4 to be formed in respect of a curve as shown in an inclined plane or drawing 5 . 
)074] The width-of-face size of the direction of the width of recording track is formed in the configuration which 
>reads gradually as are furthermore shown in drawing 4 and 5 and front end side 40a of the non-magnetic layer 40 
>rmed on the aforementioned main pole layer 24 also goes to the upper surface from an inferior surface of tongue, 
[oreover, as shown in drawing 4 and 5, the both-sides end faces 40d and 40d of the aforementioned front end side 40a 
e made into the both-sides end faces 24d and 40d and continuation side of the aforementioned main pole layer 24, 
id, therefore, 40d of both-sides end faces of front end side 40a of the aforementioned yoke layer 40 is an inclined 
ane by drawing 4 , and 40d of both-sides end faces of the aforementioned front end side 40a is a curve side in 
:awjng_5 . 

)075] In addition, as shown in drawing 4 and 5, the width of recording track Tw is regulated with the width-of-face 
ze of the direction of the width of recording track of 24g of upper surfaces of the aforementioned main pole layer 24 
aid face by the side of trailing). 

>076] In addition, when the non-magnetic layer 40 has not piled up on the aforementioned main pole layer 24 like 
awing 3 , front end side 24a of the aforementioned main pole layer 24 is a configuration in which it applies to the 
Dper surface from an inferior surface of tongue, and the width-of-face size of the direction of the width of recording 
ack (the direction of illustration X) spreads gradually, and, as for the both-sides end faces 24d and 24d of the 
brementioned front end side 24a, it is desirable at this time that they are an inclined plane or a curve side. 
»077] Thus, when actually recording on a record medium that the both-sides end faces 24d and 24d of front end side 
ta of the aforementioned main pole layer 24 are made into an inclined plane or a curve side, and the configuration of 
e aforementioned front end side 24a is a **** trapezoidal shape, The 24d of the aforementioned end faces shown by 
ii) though an angle of skew is produced as the dashed line of drawing 10 shows does not overflow aslant the 
cording track width of face Twl into the side greatly. Therefore, fringing by the 24d of the aforementioned both- 
des end faces can be prevented now, and improvement in an off-track performance can be aimed at. 
♦078] On the other hand, although drawing 33 is the front view of the conventional main pole layer 5 shown in 
awing 27 or drawing 29 If end-face 5a of the aforementioned main pole layer 5 is a square or a rectangle like 
-awing 33 If end-face 5a of the main pole layer 5 has an angle of skew to the move tangential direction (illustration Z 
rection) of a record medium, as a dashed line shows, side side 5b of a main pole layer will give a slanting leakage 
agnetic field into the width of recording track Twl, Fringing F will occur, and off-track performance degradation will 
5 caused. 

i079] Therefore, as for front end side 24a of the aforementioned main pole layer 24, it is good like this invention that 
is a **** trapezoidal shape. 

•080] Next, the aforementioned main pole layer 24 and the yoke layer 35 are explained below about the flat-surface 
mfiguration seen from right above. In addition, the plan explained below is applicable to all of the vertical-magnetic- 
cording head shown in drawing 1 or drawing 3 . 

•081] As shown in the plan of drawing 6 , the aforementioned yoke layer 35 is a flat- surface configuration to which 
e width-of-face size Wy of the direction of the width of recording track becomes thin at 35d of front fields which are 
e opposed face HI a side, and the width-of-face size of the direction of the width of recording track becomes large 
•adually by back field 35e. And the main pole layer 24 has piled up on the 35d of the aforementioned front fields. In 
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idition, the width-of-face size Wy in the direction of the width of recording track of the 35d of the aforementioned 
ont fields (the direction of illustration X) is formed with a latus width-of-face size rather than the width of recording 
ack Tw. 

)082] As shown in drawing 6 , the upper surface (end face by the side of trailing) of front end side 24a is regulated by 
le width of recording track Tw, and the aforementioned main pole layer 24 maintains the width-of-face size, or 
scomes a little broad, and is formed by short linear dimension towards the height direction back. 
)083] In addition, in this invention, it is required for front end side 24a of the aforementioned main pole layer 24 
tposed to the aforementioned opposed face Hla to be larger than the area of front end side 21b of the aforementioned 
axiliary magnetic pole layer 21 , for example, as shown in d rawin g 6 , it is desirable [ the width-of-face size Wr of the 
irection of the width of recording track of the auxiliary magnetic pole layer 21 ] to be formed with a width-of-face 
ze larger enough than the aforementioned width of recording track Tw. 

)084] In drawing 7 , the width-of-face size Wy is the configuration which spreads gradually as it results in the height 
irection (the direction of illustration Y), without the aforementioned yoke layer 35 having the 35d of the 
Torementioned front fields. And the main pole layer 24 has piled up on the aforementioned yoke layer 35. 
)085] As shown in drawing 7 , the upper surface (end face of trailing side **) of front end side 24a is regulated by the 
idth of recording track Tw, and the aforementioned main pole layer 24 maintains the width-of-face size, or becomes a 
ttle broad, and is formed by short linear dimension towards the height direction back. 

)086] In drawing 8 , although the configuration of the aforementioned yoke layer 35 is the same as drawing 7 , back 
eld 24e of the aforementioned main pole layer 24 is the configuration in which a width-of-face size spreads gradually, 
id this back field 24e and the yoke layers 35 overlap. However, the aforementioned yoke layer 35 is further come 
•gether and formed in opposed face side Hla, and 24f of a part of front fields of the shape of a width-of-face narrow 
pe of the aforementioned main pole layer 24 may overlap the aforementioned yoke layer 35. Introduction of the 
agnetic flux from the aforementioned yoke layer 35 to the aforementioned main pole layer 24 can be made smooth by 
is, and the vertical-magnetic-recording head which can respond to high recording density-ization can be 
anufactured. 

1087] Moreover, 35d of front fields as shown in the aforementioned yoke layer 35 at drawing 6 may be formed. 
1088] Back field 24e of the aforementioned main pole layer 24 is the configuration in which a width-of-face size 
>reads gradually, and although the configuration of the aforementioned yoke layer 35 is the same as drawing 7 and 
awing 8 , further, in drawing 9 , this back field 24e is prolonged in the height direction (the direction of illustration 
) for a long time, and is formed in it by it. The back end of the aforementioned back field 24e may be extended like 
awing 2 by even the same field as back end side 35b of the aforementioned yoke layer 35. 
>089] Moreover, 35d of front fields as shown in the aforementioned yoke layer 35 at dra wing 6 may be formed, 
arthermore, back field 24e to which a width-of-face size spreads on a target gradually is not formed in the 
brementioned main pole layer 24, the width of recording track Tw is maintained at it towards the height direction, or 
ist and 24f of front fields of **** which became broad may be extended for a long time in the height direction from 
e aforementioned width of recording track Tw towards the height direction. 

>090] With the plan shown in above-mentioned drawing 6 or above-mentioned drawing 9 , the field where the width- 
f-face size Wy spreads on a target gradually is formed as each results in the height direction at the aforementioned 
>ke layer 35, and in the position with which the aforementioned yoke layer 35 and the main pole layer 24 lap 
ipecially, the width-of-face size of the direction of the width of recording track of the aforementioned yoke layer 35 is 
rger than the width-of-face size of the direction of the width of recording track of the aforementioned main pole layer 
t. 

>091] Moreover, the thickness of the aforementioned yoke layer 35 is of the same grade as the thickness of the 
brementioned main pole layer 24, or the thickness of the aforementioned yoke layer 35 is formed more greatly than 
e thickness of the aforementioned main pole layer 24. 

>092] Therefore, in the position with which the aforementioned yoke layer 35 and the main pole layer 24 lap, the 
oss section to a direction parallel to the aforementioned opposed face Hla of the aforementioned yoke layer 35 is 
rger than the cross section to a direction parallel to the aforementioned opposed face Hla of the aforementioned main 
)le layer 24. A record magnetic field can be drawn suitable for the aforementioned main pole layer 24 from the 
brementioned yoke layer 35 by this, and the passage efficiency of magnetic flux becomes good and can improve an 
/er- writing property. 

•093] Moreover, the main pole layer 24 and the yoke layer 35 are separately formed like drawing 1 or drawing 3 , the 
recti on which extends 24f of front fields formed by **** of the aforementioned main pole layer 24 for a long time, 
id forms them when it is the structure of piling up the main pole layer 24 on the aforementioned yoke layer 35 can 
•rm mostly the width-of-face size of the whole of the 24f of the aforementioned front fields with a sufficient pattern 
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recision by the width of recording track Tw, and it is desirable. When starting furthermore, by bringing near and 
>rming the aforementioned yoke layer 35 in the opposed face HI a side as much as possible, the magnetic saturation of 
le aforementioned main pole layer 24 can be suppressed, and magnetic flux can be centralized on the aforementioned 
lain pole layer 24. 

)094] In addition, drawing 6 or drawing 9 is an example, and the flat-surface configuration of the main pole layer 24 
id the yoke layer 35 is not limited to these flat-surfaces configuration. By this invention, in the position with which 
le aforementioned main pole layer 24 and the yoke layer 35 lap, as long as the cross section to a direction parallel to 
le aforementioned opposed face HI a of the aforementioned yoke layer 35 is larger than the cross section to a direction 
arallel to the aforementioned opposed face HI a of the aforementioned main pole layer 24, it may be formed in what 
at-surface configuration. 

)095] By the way, in this invention, front end side 35a of the aforementioned yoke layer 35 is formed also in drawing 
or which operation gestalt of drawing 3 in respect of the inclined plane which is missing from the upper surface from 
i inferior surface of tongue, and inclines in the height direction, or the curve. 

)096] About the formation method of such front end side 35a, although explained in detail by the next manufacture 
tethod, thereby, the following effects can be acquired. 

)097] Namely, although it extracts for main pole layer 24 formation in the aforementioned resist layer and a pattern is 
>rmed by exposure development in this invention when forming the main pole layer 24 formed on the aforementioned 
Dke layer 35 from on the insulating layer 33 located ahead rather than the aforementioned yoke layer 35, applying 
sing a resist layer under the present circumstances, since the resist layer which applies that front end side 35a of the 
forementioned yoke layer 35 is a gently- sloping inclined plane or a curve side on the yoke layer 35 from on the 
forementioned insulating layer 33, and is formed can be formed by the thickness of about 1 law The exposure 
svelopment of the resist layer in the aforementioned omission pattern can be appropriately carried out from the upper 
lrface to an inferior surface of tongue, and resist **** does not occur in the aforementioned omission pattern like 
sfore. 

)098] Therefore, in this invention, the plating ground layer 71 can be exposed on the aforementioned whole surface in 
i omission pattern, and plating growth of the main pole layer 24 of a predetermined configuration can be carried out 
ipropriately on the aforementioned plating ground layer 71 . 

)099] Moreover, it is possible to be able to raise pattern precision, since the thickness of the resist layer for forming 
le aforementioned main pole layer 24 can be mostly formed in homogeneity, if front end side 35a of the 
forementioned yoke layer 35 is formed in respect of the gently- sloping inclined plane or the curve as mentioned 
jove, therefore to form the aforementioned main pole layer 24 with a sufficient pattern precision. 
)100] It enables especially front end side 24a that appears in the aforementioned opposed face HI a of the 
forementioned main pole layer 24 as described above to set up this width of recording track Tw with a predetermined 
ze with high precision, although the size of the direction of the width of recording track of the upper surface (end face 
y the side of trailing) is regulated as the width of recording track Tw. Therefore, in this invention, the vertical- 
lagnetic-recording head which can respond to ** truck-ization can be manufactured. 

)101] Moreover, in this invention, by front end side 35a of the aforementioned yoke layer 35 being a gently-sloping 
iclined plane or a curve side, magnetic flux is smoothly led to the aforementioned main pole layer 24 from the 
forementioned yoke layer 35, and the passage efficiency of magnetic flux can be raised. That is, in this invention, the 
magnetic flux which leaks from front end side 35a of the aforementioned yoke layer 35 can be decreased, magnetic 
ux can be centralized suitable for the aforementioned main pole layer 24, and the vertical-magnetic-recording head 
hich can respond can be manufactured suitable for the future formation of high record dense. 
)102] Moreover, in this invention, as described above, upper surface 33a of the aforementioned insulating layer 33 
id upper surface 25a of the connection layer 25 are the flattening side made into the same field by CMP technology 
:c. 

)103] Therefore, it enables yoke layer 35 further to form the main pole layer 24 with a sufficient pattern precision on 
le aforementioned insulating layer 33. 

)104] Moreover, since it is possible to form separately the aforementioned main pole layer 24 and the yoke layer 35 in 
lis invention, it is also possible to form the aforementioned main pole layer 24 and the yoke layer 35 at a different 
lagnetic material. It is desirable in this case, to choose a magnetic material so that the saturation magnetic flux density 
f the aforementioned main pole layer 24 may become higher than the saturation magnetic flux density of the yoke 
tyer 35. If the main pole layer 24 is formed by the magnetic material with saturation magnetic flux density higher than 
le yoke layer 35, it will become possible from the small main pole layer 24 of the width-of-face size Tw and thickness 
> give the magnetic flux phi with high density perpendicularly to the hard film Ma, and an over-writing property will 
)me to improve. 
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)105] In addition, although magnetic materials, such as nickel -Fe, Co-Fe, and nickel-Fe-Co, are chosen as the 
forementioned main pole layer 24 and the yoke layer 35, when choosing the same magnetic material as the main pole 
lyer 24 and the yoke layer 35, it is possible to take out a difference with changing a composition ratio to saturation 
mgnetic flux density. 

)106] In addition, with the vertical-magnetic-recording head shown in drawing 1 or drawing 3 , if record current is 
iven to the coil layer 27 through the lead layer 36, a record magnetic field will be guided to the auxiliary magnetic 
ole layer 21 and the yoke layer 35 by the current magnetic field of the current which flows the coil layer 27. As 
lown in drawing 1 or 3, in opposed face HI a, the leakage record magnetic field from front end side 24a of the 
forementioned main pole layer 24 and front end side 21b of the auxiliary magnetic pole layer 21 penetrates the hard 
lm Ma of a record medium M, and passes the soft film Mb. Since the area of front end side 24a of the aforementioned 
lain pole layer 24 is smaller enough than the area of front end side 21b of the auxiliary magnetic pole layer 21, it leaks 
> front end side 24a of the aforementioned main pole layer 24, the magnetic flux phi of a record magnetic field 
Dncentrates, the aforementioned hard film Ma is perpendicularly magnetized by this magnetic flux phi currently 
Dncentrated, and magnetic data are recorded. 

)107] Next, the manufacture method of the vertical -magnetic-recording head of this invention is explained below. 
'rawing 1 1 to drawing 26 is process drawing showing the manufacturing process of the vertical-magnetic-recording 
ead in this invention. In addition, drawing 13 shows the manufacturing process with the common vertical-magnetic- 
scording head shown in drawing 1 or drawing 3 from drawing 1 1 . 

)108] At the process shown in drawing 1 1 , after forming the auxiliary magnetic pole layer 21 made from a magnetic 
laterial on the nonmagnetic insulating layer 3 1 , the height direction (direction of illustration Y) back of the 
forementioned auxiliary magnetic pole layer 21 is also fill uped with the aforementioned nonmagnetic insulating layer 
1, and carries out flattening processing of the upper surface of the aforementioned auxiliary magnetic pole layer 21 
id the nonmagnetic insulating layer 31 using CMP technology etc. further. 

)109] Next, behind [ height direction (direction of illustration Y) ] the aforementioned auxiliary magnetic pole layer 
1, plating formation of the connection layer 25 made from a magnetic material is carried out, it applies to the upper 
lrface of the connection layer 25 from the auxiliary magnetic pole layer 21 aforementioned upper surface further, the 
matter of the inorganic insulating material is carried out, and the insulating ground layer 26 is formed in it. 
)1 10] Next, as shown in drawing 12 , the coil layer 27 is formed with frame plating on the aforementioned insulating 
round layer 26, and similarly the bottom raising layer 77 is further formed by plating. The coil layer 27 is formed in a 
osition lower enough than the height of the aforementioned connection layer 25 at this time. And the aforementioned 
Dil layer 27 and the bottom raising layer 77 are covered by the insulating layer 32 of an organic material, further, the 
matter of the inorganic insulating material is carried out, and the wrap insulating layer 33 is formed for all layers. 
)1 1 1] Next, polish processing is performed from the illustration upper part to each class formed by the state of 
rawing 12 using CMP technology etc. This polish processing is performed to the position of the level surface (L-L 
de) which crosses all the aforementioned insulating layers 33, the connection layers 25, and bottom raising layers 77. 
)1 12] As a result of the aforementioned polish processing, as shown in drawing 13 , it is processed so that all of 
irface 25a of the connection layer 25, surface 33a of an insulating layer 33, and surface 77a of the bottom raising 
lyer 77 may become the same field. 

)1 13] It is the manufacturing process in which even this is common in each operation form. Next, the manufacture 
lethod of the vertical-magnetic-recording head of the structure shown in drawing 1 is explained. 
)1 14] Drawing 14 is a plan and carries out spatter membrane formation of the plating ground layer 72 all over the 
pper [ of the insulating layer 33 by which flattening was carried out ]. Next, the resist layer 80 is formed on the 
forementioned plating ground layer 72, it leaves pattern 80a of yoke layer 35 configuration to the aforementioned 
jsist layer 80, and the other resist layer is removed. In addition, since there was a thing by which it shall not be 
■cposure-development-removed according to the kind of resist layer 80 in the portion by which exposure development 
'as carried out and from which a portion is removed, when the resist layer 80 from which the portion by which 
tposure development was carried out is removed is used, exposure development is carried out in resist layers 80 other 
lan the aforementioned pattern 80a, and the portion is removed. Moreover, when the resist layer 80 from which the 
ortion by which exposure development is not carried out is removed is used, exposure development of the inside of 
le aforementioned pattern 80a is carried out, and the resist layer 80 by which exposure development is not carried out 
; removed. It can leave the resist layer 80 of pattern 80a shown in drawing 14 by this. 

)1 15] In addition, the aforementioned pattern 80a is located yoke pattern 80c and behind the field in which the yoke 
tyer 35 is formed, and consists of common pattern 80d for plating energization. 

)1 16] In addition, as for the aforementioned pattern 80a, the front end side 80b is located in the height direction 
lirection of illustration Y) back rather than the aforementioned opposed face HI a, and yoke pattern 80c of the 
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brementioned pattern 80a is prolonged and formed even in the aforementioned connection layer 25. 

H 17] Next, after removing the plating ground layer 72 which is not covered by the aforementioned resist layer 80 by 

n milling, the aforementioned resist layer 80 is removed. 

H 18] On the aforementioned insulating layer 33, the plating ground layer 72 of the configuration of pattern 80a is left 
ihind by this. 

U 19] Next, drawing J_5 is a plan and covers aforementioned common pattern 80d top in the resist layer 76 in this 
•ocess. Drawing of longitudinal section at this time is shown in drawing_l_8 . And plating growth of the yoke layer 35 
carried out on the plating ground layer 72 of the aforementioned yoke pattern 80c. 

1120] Or you may form the yoke layer 35 by the following method. Drawing 16 is a plan and forms the resist layer 73 
i the aforementioned insulating layer 33 at this process. Furthermore, it keeps becoming the aforementioned resist 
yer 73 with the flat-surface configuration of the yoke layer 35, and pattern 73a is formed by exposure development, 
he aforementioned omission pattern 73a consists of yoke pattern 73c of the field in which the yoke layer 35 is 
>rmed, and common pattern 73 d for plating energization located in the back. As for the aforementioned omission 
ittern 73a, the front end side 73b is located in the height direction (direction of illustration Y) back rather than the 
ibrementioned opposed face HI a, and yoke pattern 73c of the aforementioned omission pattern 73a is prolonged and 
>rmed even in the aforementioned connection layer 25. 

)121] And spatter membrane formation of the plating ground layer 72 is carried out into the aforementioned omission 
ittern 73a, and the aforementioned resist layer 73 is removed. 

U22] In the process shown in drawin g 17 , aforementioned common pattern 73d top is covered in the resist layer 74. 
rawing of longitudinal section at this time is shown in drawing 1 8 . And plating growth of the yoke layer 35 is carried 
at on the plating ground layer 72 formed on the aforementioned yoke pattern 73c which is not covered by the 
brementioned resist layer 74. 

)123] Next, if the aforementioned resist layers 76 and 74 are removed after drawing 1 5 and the towing J_7 process 
id the plating ground layer 72 on common pattern 80d and 73d is removed further, drawing of longitudinal section of 
te vertical-magnetic-recording head in this time will become like drawing 1 9 . 

)124] As shown in drawing 19 , the front end side 35a is roundish [ wore gently-sloping ], or the yoke layer 35 by 
hich plating formation was carried out on the aforementioned plating ground layer 72 serves as a gently-sloping 
iclined plane. Thus, it is because, as for the aforementioned front end side 35a becoming a gently-sloping inclined 
lane or a curve side, the circumference of the plating ground layer 72 on the aforementioned yoke pattern 73 c is not 
irrounded by the resist layer etc. at the time of drawing 15 or the drawin g 1 7 process but the circumference of the 
tbrementioned yoke pattern 73 c is opened wide. 

)125] When drawing 15 and drawing 17 , or drawing 18 is looked at in detail, it turns out that the circumference of the 
lating ground layer 72 formed on the aforementioned insulating layer 33 is not surrounded by the resist layers 74 and 
5 etc. except for common pattern 75d top. 

)126] Thus, when the circumference of the aforementioned plating ground layer 72 is not surrounded and is wide 
pened by the resist layer etc., the end face of the yoke layer 35 which carries out plating growth on the 
Forementioned plating ground layer 72 grows being roundish gently-sloping, and turns into an inclined plane or a 
jrve side. 

)127] In addition, in this invention, if the front field is not covered by the resist layer at least rather than front end side 
2b of the aforementioned plating ground layer 72, it is good, for example, the both-sides end face in the direction of 
te width of recording track of the aforementioned plating ground layer 72 (the direction of illustration X) may be 
orn by the resist layer. In this case, the yoke layer 35 at least which carries out plating growth on the aforementioned 
lating ground layer 72 is formed as the inclined plane which the front end side 35a is missing from the upper surface 
om the undersurface, and inclines in the height direction, or a curve side. 

)128] Moreover, although not shown in drawing 19 , it is desirable to carry out plating formation of the lead layer 36 
t the time of the process shown also in upper surface 77a of the aforementioned bottom raising layer 77 at drawing J 4 
r drawing 17 and the same process. 

)129] Next, at this process, it is a plan, drawing 20 carries out spatter membrane formation of the plating ground layer 
1 on the insulating layer 33 which spreads to the aforementioned yoke layer 35 and its circumference, forms the resist 
tyer 75 on it, is extracted for formation of the main pole layer 24 in the aforementioned resist layer 75, and forms 
attem 75a by exposure development. 

)130] As shown in drawing 20 , front end side 75b of the aforementioned omission pattern 75a is formed on the same 
eld as the aforementioned opposed face HI a, and the aforementioned omission pattern 75a is further prolonged and 
)rmed even on the aforementioned yoke layer 35. Moreover, at this process, the aforementioned omission pattern 75a 
lay be further prolonged and formed in the height direction (direction of illustration Y) back, as 75d of the back end 
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de shows with an alternate long and short dash line. 

)131] Moreover, drawing 21 is drawing of longitudinal section which cut the vertical-magnetic-recording head from 
ie M-M line shown in ifcawing-20 , and was seen from the arrow. 

)132] As shown in drawing 21 , it extracts, and there is no resist **** into pattern 75a like before, and it will be 
>rmed in the aforementioned resist layer 75. 

)133] This is because front end side 35a of the aforementioned yoke layer 35 is a gently-sloping inclined plane or a 
irve side as mentioned above. Thickness of the resist layer 75 formed on the yoke layer 35 from on the front 
tsulating layer 33 rather than the aforementioned yoke layer 35 by this, applying is mostly made to homogeneity. The 
ting which is formed in the aforementioned resist layer 75 and which extracts, carry out exposure development 
jpropriately and removes the resist layer 75 in pattern 75a from the upper surface to an inferior surface of tongue is 
Dssible. 

)134] Next, if the aforementioned resist layer 75 in this invention is seen from the aforementioned opposed face HI a 
de, it serves as a configuration shown in drawing_22 . 

)135] As shown in drawing 22 , it was formed in the aforementioned resist layer 75, and extracts, and it applies to the 
pper surface from an inferior surface of tongue (illustration Z direction), and the width-of-face size of the direction of 
te width of recording track (the direction of illustration X) spreads gradually, and the inside end faces 75e and 75e of 
attern 75a are formed. The aforementioned inside end-face 75e may be formed in respect of the curve, as shown in 
rawing 22 , and it may be formed in the inclined plane. 

)136] In order for such a configuration to extract and to form pattern 75a in the aforementioned resist layer 75, after 
pplying the aforementioned resist layer 75, the aforementioned omission pattern 75a is formed in exposure 
evelopment, it is making inside side 75e of the aforementioned omission pattern 75a flag with heat treatment further, 
nd the aforementioned inside side 75e can be formed in an inclined plane or a curve side. 
)137] Next, as shown in drawing 23 and 24, plating growth of the main pole layer 24 is carried out on the 
forementioned plating ground layer 71 exposed in the aforementioned omission pattern 75a. At this time, plating 
rowth of the aforementioned main pole layer 24 is carried out to a certain predetermined thickness HI like drawing 
3 . 

)138] Furthermore by this invention, plating growth of the non-magnetic layer 40 which consists of non-magnetic 
letal material, such as NiP, on the aforementioned main pole layer 24 is carried out. And the aforementioned resist 
tyer 75 is removed. 

)139] In this invention, as seen in drawing 21 , there is no resist **** into the aforementioned omission pattern 75a, 
nd the plating ground layer 71 will be exposed suitable for the aforementioned whole surface in omission pattern 75a. 
herefore, it is possible for plating growth of the aforementioned main pole layer 24 to be appropriately carried out 
:om the aforementioned plating ground layer 71, and to form the aforementioned main pole layer 24 of a 
redetermined configuration. 

3140] Moreover, the main pole layer 24 formed on the aforementioned yoke layer 35 since the aforementioned resist 
lyer 75 can be formed by almost uniform thickness in this invention when front end side 35a of the aforementioned 
oke layer 35 is a gently-sloping inclined plane or a curve side extracts, and it is a pattern formation plain-gauze cone 
nth high precision about pattern 75a. 

3141] Although especially the size of the direction of the width of recording track of the upper surface (end face by 
ie side of trailing) of front end side 24a of the aforementioned main pole layer 24 is regulated as the minute width of 
scording track Tw, it is possible to be able to form the aforementioned width of recording track Tw in a predetermined 
ize, and to manufacture the vertical-magnetic-recording head which can respond to future ** truck-ization with a 
•attern precision high as mentioned above. 

0142] Drawing 25 is the front view showing the state where the aforementioned resist layer 75 was removed. As 
hown in drawing 25 , on the aforementioned plating ground layer 71, the width-of-face size of the direction of the 
ridth of recording track is missing from the upper surface from an inferior surface of tongue, and the laminating of the 
aain pole layer 24 and non-magnetic layer 40 by which the both-sides end face was made the inclined plane or the 
urve side so that it might spread gradually is carried out. 

0143] Since the aforementioned plating ground layer 71 is formed not only in the bottom of the aforementioned main 
»ole layer 24 but in other fields as shown in drawing 25 , you have to remove the aforementioned plating ground layers 
1 other than under the main pole layer 24. 

0144] At the process shown in drawing 2 5 , the ion milling of an anisotropy removes the aforementioned plating 
;round layer 71 formed [ except under the aforementioned main pole layer 24 ]. At this time, upper surface 40e of the 
forementioned non-magnetic layer 40 is also deleted in response to the influence of the aforementioned ion milling. 
0145] Moreover, as shown in drawing 26 , in order to carry out the reattachment of a part of removed aforementioned 
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lating ground layer 71a to the both-sides end faces 24d and 40d of the aforementioned main pole layer 24 and a non- 
lagnetic layer 40 (the direction C of an arrow), it removes the adhesion films 78 and 78 adhering to the 
forementioned both-sides end face by the ion milling of an anisotropy. Also at this time, as for upper surface 40e of 
le aforementioned non-magnetic layer 40, it is deleted in response to the influence of the aforementioned ion milling, 
l addition, removal of the aforementioned plating ground layer 71 and the adhesion film 78 is effective especially 
'hen the aforementioned plating ground layer 71 is formed by the magnetic material. It is because the width of 
jcording track Tw spreads that the aforementioned adhesion film 78 is a magnetic material. On the other hand, when 
le aforementioned adhesion film 78 is nonmagnetic plating material, especially removal of the aforementioned 
ihesion film 78 is unnecessary. Moreover, especially when the aforementioned plating ground layer 71 is formed 
'ithin limits which do not affect an electrical property, removal of the aforementioned plating ground layer 71 is also 
nnecessary. 

)146] As mentioned above, by this invention, since the non-magnetic layer 40 is formed on the main pole layer 24, 
'hen removing the plating ground layer 71 and its adhesion film 78 by ion milling, the height size HI of the 
forementioned main pole layer 24 does not decrease only by the ability to delete upper surface 40e of the 
forementioned non-magnetic layer 40. 

)147] moreover — the case where the width of recording track Tw which deletes further 24d of both-sides end faces of 
le aforementioned main pole layer 24 and 40d of both-sides end faces of a non-magnetic layer 40 by the ion milling of 
ti anisotropy, and is decided by the width-of-face size of 24g of upper surfaces of the aforementioned main pole layer 
4 (end face by the side of trailing) is made small - Io - although upper surface 40e of a non-magnetic layer 40 is 
eleted by milling, the height size HI of the aforementioned main pole layer 24 does not decrease 
)148] Therefore, when the non-magnetic layer 40 is piled up and formed on the main pole layer 24 like this invention, 

is in the state which the height size HI of the main pole layer 24 was not decreased, and was maintained at constant 
alue, and it is possible to realize removal of plating ground layer 71a and the adhesion film 78 and ** truck-ization. 
)149] In addition, as for the aforementioned ion milling, in this invention, it is desirable to be carried out at the angle 
'hich inclined before and after 45 degrees to 70 degrees perpendicularly to the plating ground layer 71 . In addition, if 

is made 60 degrees or less at 45 degrees or more, it is possible removal of plating ground layer 71a and the adhesion 
lm 78 and to perform ** truck-ization at 1 time of an ion milling process further, and a manufacturing process can be 
implified. 

)150] However, you may perform the removal process of plating ground layer 71a, the removal process of the 
dhesion film 78, and a ** truck-ized process by the ion milling which has a respectively different milling angle. 
)151] In addition, in this invention, as for the height size HI of the aforementioned main pole layer 24, it is desirable 
lat it is about 0.5 micrometers or less in 0.25 micrometers or more, as for the width of recording track Tw of the 
forementioned main pole layer 24, it is desirable that it is 0.7 micrometers or less, and it is 0.5 micrometers or less 
lore preferably. 

)152] Moreover, in this invention, the aforementioned plating ground layer 71 for plating ground layer [ for yoke 
lyer 35 formation ] 72 and main pole layer 24 formation may be a magnetic plating material, and may be nonmagnetic 
lating material. In addition, since it extends a little to the circumference under the aforementioned main pole layer 24 
nd the aforementioned plating ground layer 71 may be left behind when nonmagnetic, for example, metallic materials, 
uch as Cu, is used for the aforementioned plating ground layer 71 for the main pole layer 24 aforementioned 
Drmation, compared with the case where a magnetic plating material is used for the aforementioned plating ground 
iyer 71 , etching control can be made easy. 

3153] What is necessary is to be formed in the resist layer 75 at the time of the process shown in drawin g 20 , to 
xtract, to extend further 75d of back end sides of pattern 75a in the height direction (the direction of illustration Y) 
field of sign 75c), and just to arrange the 75d of the aforementioned back end sides with back end side 35b of the 
forementioned yoke layer 35, in manufacturing the vertical-magnetic-recording head shown in drawing 2 . 
3154] Moreover, what is necessary is to have been formed in the resist layer 75 at the time of the process of drawing 
3 and drawing 24 , to extract, and just to carry out plating growth only of the main pole layer 24 into pattern 75a, in 
lanufacturing the vertical-magnetic-recording head shown in drawing 3 . 

3155] In addition, it is possible for the resist layer 75 shown in dra wing 22 by this invention to acquire the effect of 
lis invention, even if the inside width method of the direction of the width of recording track in the aforementioned 
pposed face Hla (the direction of illustration X) does not need to be formed so that it may apply to the upper surface 
nd may spread from an inferior surface of tongue, and front end side 24a of the aforementioned main pole layer 24 is 
ormed in configurations, such as a square and a rectangle, as usual. 

01 56] Moreover, with the operation gestalt shown in drawing 1 and drawing 2 , although read station HR is formed, 
lis does not need to be formed. 
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)157] 

Effect of the Invention] By this invention, it forms as mentioned above in respect of the inclined plane which inclines 
1 the height direction, applying the front end side of the yoke layer formed on an insulating layer to the upper surface 
om an inferior surface of tongue, or a curve. 

)158] For this reason, since the thickness of the aforementioned resist layer can be mostly formed in homogeneity 
'hen forming the main pole layer formed on the aforementioned yoke layer from on the insulating layer located ahead 
ither than the aforementioned yoke layer, applying using a resist layer, when it extracts for the aforementioned main 
ole stratification in the aforementioned resist layer and a pattern is formed in exposure development, resist **** like 
efore does not occur in the aforementioned omission pattern. 

)159] Therefore, in this invention, a plating ground layer can be exposed on the aforementioned whole surface in an 
mission pattern, and plating growth of the main pole layer of a predetermined configuration can be carried out 
ppropriately on the aforementioned plating ground layer. 

)1 60] Moreover, it is possible to be able to raise pattern precision, since the thickness of the resist layer for forming 
le aforementioned main pole layer can be mostly formed in homogeneity, if the front end side of the aforementioned 
oke layer is formed in respect of the gently-sloping inclined plane or the curve as mentioned above, therefore to form 
le aforementioned main pole layer with a sufficient pattern precision, and the front end side of the aforementioned 
lain pole layer can be formed in the predetermined width of recording track Tw and a predetermined predetermined 
onfiguration. 

)161] Moreover, in this invention, by the front end side of the aforementioned yoke layer being a gently-sloping 
lclined plane or a curve side, magnetic flux is smoothly led to the aforementioned main pole layer from the 
forementioned yoke layer, and the passage efficiency of magnetic flux can be raised. That is, in this invention, the 
lagnetic flux which leaks from the front end side of the aforementioned yoke layer can be decreased, magnetic flux 
an be centralized suitable for the aforementioned main pole layer, and the vertical-magnetic-recording head which can 
ispond can be manufactured suitable for the future formation of high record dense. 
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